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the fallowiag Edition of Fourcroy's Elements of 
Chemiſtry. In offering to you this ſmall mark 
of perſonal regard, I have been influenced not 
more by conſiderations of private friendſhip, 
than by my eſteem for your virtues, and my 
reſpect for your talents, knowledge, and pro- 


feſſional ſkill. | . d 
Jam, 
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Your moſt obedient ſervant, 


JOHN THOMSON. 
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ADVERTISEMENT, 


In publiſhing the following tranſlation. of Fourcroy's 
Elements of Chemiſtry, I conſider myſelf as merely 
the Editor; for unleſs where alterations or additions 
have been introduced into the preſent edition, I have 
adhered rigidly to the tranſlation of Mr. Nicholſon. 
I was too well aware of the ſuperiority of this ſkilful 
chemiſt, and accurate tranſlator, to believe I could 
improve upon his labours, and I was unwilling to loſe 
the advantage of following ſo able a guide. | 

To this edition I have prefixed the Philoſopby of 
_ Chemiſtry by the ſame author; here alſo I have a- 


dopted an anonymous tranſlation, publiſhed by John= 


| fon of St. Paul's Churchyard. This excellent little 
treatiſe will form, I am convinced, an uſeful introduc- 
tion to the large work. 

In one inſtance only, and that a trifling one, have 
I ventured to alter the text. It is in the account 
which is given of Mr. Kirwan's Mineralogy. The 


ſecond edition of this work does not ſeem to have been 


known to Fourcroy ; and J was deſirous to direct the 
attention of the young ſtudent to the moſt perfect 
ſyſtem of mineralogy which has yet appeared 1 in the 
Engliſh language. 
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x E ADVERTISEMENT. 


In compoſing the notes, I have had it chiefly in 
view to exhibit a ſhort abſtract of the moſt intereſting 
diſcoveries and improvements which have been made 
in the ſcience of chemiſtry within the period of the 
laſt twenty years, and to make accurate references, 
on every ſubject of importance, to the various original 
memoirs, eflays, and writings, from which farther in- 
formation may be derived, By intermixing in this 
manner the hiſtory of modern chemiſtry, with a work 
ſo long and ſo deſervedly popular, I have endeavour- 
ed to aſſiſt thoſe who may be deſirous to proſecute 
this intereſting ſcience beyond the narrow limits of an. 

elementary treatiſe, How far I have ſucceeded in 
theſe objects is now, with much deference, Rn 
to the judgment of an impartial public. 


Movr Croor g. e JOHN THOMSON. 
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| THE . 
AUTHOR'S PREFACE. 


No feience has ever been more generally purſued, 
or more attentively ſtudied, than chemiſtry has been, 
during the laſt twelve years; and never has any ſcience 


made ſuch rapid progreſs in ſo ſhort a period of time. 


From theſe two circumſtances, a fifth edition of this 
work has become neceſſary. The rapid ſale of the 
ſecond edition, which was almoſt entirely diſpoſed of 
in leſs than eighteen months, did not leave me ſo 
much time to beſtow upon the third edition, as I 
had to improve and to enlarge the firſt ; the whole 
additions, therefore, made to the third edition did not 
amount to a ſingle volume, while two additional vo- 
lumes have been given along with the ſecond. In the 


ſucceſſive editions of an elementary treatiſe, which 


men of ſcience, and an enlightened public, have ſanc- 
tioned with their approbation, there muſt indeed be a 
period when farther additions become improper, and 
when nothing remains but to review and correct it with 
care. To this ſtate my work was brought, in my own 
opinion, in the third edition. The new diſcoveries made 


after the year 1786 would have added little to the fize 


of that edition, had I not, by the advice of ſome well 
informed friends, and in conſequence of obſerving the 
impreſſion which my work made upon beginners, 
thought it my duty to recompoſe and to enlarge ſeve- 
ral of. the chapters in the hiſtory of ſaline ſubſtances, 
of ſome of the metals, and of ſeveral of the immediate 
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principles of vegetable and animal bodies. In this 


fifth edition, the facts added to the third edition are 


by no means ſo numerous as thoſe formerly added to 
the ſecond ; they occupy in all but a few pages; fo 
that this edition, like the third, is hers rag in five 


volumes. 


When in the year 1730 and 11 I drew up an ab- 
ſtract of the facts which then conſtituted the ſcience 
of chemiſtry, to ſerve as a ſyllabus to my lectures, I fol- 


lowed the arrangement which I had adopted in my lec- 


tures, and of which the experience of ſeveral years had 
taught me the advantages. The unexpected ſucceſs 
of that work determined me to follow the ſame plan 
in the ſecond edition, publiſhed about ſeven years ago, 


The continuance of the ſame favourable reception, by 


a learned and inquiſitive public, the preference which 
the rapid fale and various tranſlations authoriſe me to 
ſay has been given to my elements in the ſtudy of 
chemiſtry, have impreſſed it on me as a duty not to 
change the general arrangement which was adopted 
in the firſt edition. To alter that arrangement, after 
having been ſo long accuſtomed to it, would be to 
form a new work. I will not deny, however, that it 
is now perhaps neceſſary to change this arrangement; 
the acquiſition of more correct knowledge, the intro- 
duction of juſter and more concluſive modes of reaſon- 
ing, and the numerous and accurate experiments with 
which chemiſtry has been enriched ſince the publica- 
tion of the firſt edition, require that theſe elements 
ſhould be arranged on a plan ſomewhat different from 
that which I originally adopted. In this new arrange- 
ment, the hiſtory of all combuſtible ſubſtances, ſuch 
as ſulphur, carbon, metals, &c. ſhould be placed: be- 
fore that of acids or of ſalts, ſeveral of which are 
either bodies that have been burned, or compound: 


| 7 AUTHOR'S PREFACE. iii 
formed from combuſtible bodies. In this way we 
ſhould proceed from the ſimple to the compound; 
we ſhould not then ſeparate the acids of one kingdom 


from thoſe of the other two, and we ſhould reſerve for 


diſtinct chapters the differences which exiſt between 
the principles of organic bodies, and thoſe of minerals. 
I have exhibited a ſketch of this new elementary me- 
thod, in my courſe of chemiſtry intended for ladies, 
and the pupils of the veterinary ſchool. But although 
this laſt plan of arrangement ought, in my opinion, to 
direct the train of our ideas in the ſtudy of chemiſtry, 


yet that which I have followed in the different edi- 


tions of this work is not without its advantages. It 
requires indeed greater efforts of the mind; but even 
this is perhaps favourable to improvement. It exhibits 
the ſame facts under two different forms; it obliges 
the mind to reconſider the ſame phenomena in diffe- 
rent lights, and to conceive more diſtinctly their mu- 
tual relations. | 

I may obſerve, that the clans laid down in the 
third edition of theſe elements, differed eſſentially from 


that in the two former. In them, I acted merely as 


the hiſtorian of the different opinions which had hi- 
therto prevailed among chemiſts. In the third, though 
[ did not entirely quit this character, and although I 
explained the principle theories which had been pro- 
poſed, yet I took a decided part, and adopted com- 
pletely the doctrine which ſome philoſophers have cal- 
led the pneumatic or, antipblagiſtic. In this fifth edi- 
tion, my opinions are ſtill more ſtrongly expreſſed, be- 
cauſe my conviction of the truth of the pneumatic 
doctrine is more firmly eſtabliſhed. I hope that thoſe 
who ſhall ſtudy theſe elements attentively, and with- 
aut prejudice, will find that this doctrine differs from 
all the chemical theories which have ſucceeded each 
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other in framing no ſuppoſitions, in admitting no hy. 
pothetical principles, and in conſiſting merely in a 
ſimple relation of facts. I think I may venture to aſ- 
{ert, that the philoſophers who have not yet entirely 
adopted this doctrine, and particularly thoſe who have 
oppoſed it with undue warmth, have not completely 


underſtood our opinions. They do not ſeem to be a- 


ware that the baſis of our opinions, the foundation 
upon which our principles reſt, is not to be compared 
with what has been termed theory in phyſics ; that 
in our ſyſtem we do nothing but deduce obvious con- 
cluſions from a great variety of facts; that we admit 
nothing which has not been demonſtrated by experi- 
ment, and that as we reject every hypotheſis, it is im- 


_ poſſible we can commit miſtakes fimilar to thoſe in- 


to which the learned authors of different ſyſtems of 
phyfics have fallen. Either I am much deceived, as 
well as thoſe modern chemiſts to whom we owe ſo 
many ingenious diſcoveries, or the riſing generation 
who are now employed in ſtudying the ſciences will 
renounce, as we have done, thoſe hypotheſes which 


have been ſo long agitated in the ſchools, and confine 


themſelves entirely to the reſults of experiments. 

The modern chemical theory which has been deno- 
minated the pneumatic, and from which phlogiſton 
has been entirely excluded, daily acquires new con- 
verts. It is now ſo generally admitted, that more than 
three fourths of thoſe who proſecute the ſtudy of che- 


miſtry, and particularly of thoſe: who teach it, have 


adopted it. Two of the moſt diſtinguiſhed chemiſts 
in Europe, Dr. Black and Mr. Kirwan, after having 
examined the new doctrine of the French chemiſts 
with the greateſt care, and after having oppoſed it for 
ten years, have now adopted it with that candour ſo 


becoming men of true ſcience. © At length,” ſays 
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Mr. Kirwan, in a letter to Berthollet, dated 26th Ja- 
nuary laſt, I lay down my arms and abandon the 
« cauſe of phlogiſton. I ſee clearly that there is no 
« yell atteſted experiment which proves the produc- 
« tion of fixed air from pure inflammable air. This 
« being the caſe, it is impoſſible to prove the preſence 
« of phlogiſton in the metals, ſulphur, &c. Without 
« deciſive experiments, we cannot ſupport a doctrine 
jn oppoſition to well eſtabliſhed facts. I ſhall, my- 
« ſelf, r a refutation of my own eſſay on 50 
« giſton.“ | 

Dr. Black mm himſelf in the following man- 
ner, in a letter to Lavoiſier : * You have heard, that 
in my lectures I endeavour to explain to my pu- 
« pils, the facts and principles of the new doctrine 
« which you have fo fortunately diſcovered, and. that 
“J begin to recommend it to them as being more 
« ſimple, more conſiſtent, and better ſupported by 
facts than the old theory. And how could I do 
« otherwiſe? The numerous experiments which you 
« have made upon a great ſcale, and which you have 
« ſo happily contrived, have been conducted with 
« ſuch care and ſuch ſcrupulous attention to all the 
circumſtances, that nothing can be more ſatisfac- 
tory than the proofs you have produced. The ſyſ 
e tem you have founded on theſe facts is ſo intimate- 
ly connected with them, ſo ſimple and ſo eaſily un- 
derſtood, that it muft every day be approved of 
more and more, and will be adopted by a great 
number of chemiſts who have long been accuſtom- 
ed to the old theory. You muſt not, however, ex- 
pect to convince every perſon. You know well that 

habit enſlaves the minds of moſt men, and makes 
them believe and revere the groſſeſt abſurdities. I 
muſt confeſs to you, that I have myſelf experienced, 
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« its effects. Having been accuſtomed for the ſpace 
„ of thirty years to believe and to teach the doctrine 
* of phlogiſton as it was generally underſtood before 
* the diſcovery of your ſyſtem, I long entertained a 
« diſlike to this ſyſtem which repreſents as abſurd a 
doctrine which I had conſidered as fully eſtabliſhed. 
« This diſlike, however, which depended entirely on 
„ the power of habit, has been gradually overcome by 
* the clearneſs of your demonſtrations and the ſolidity 
* of your plan. Although there be in every theory 
& ſome particular facts which it is difficult to explain, 
yet I am convinced your ſyſtem is infinitely better 
founded than the old; and cannot in this view ſuffer 
«by a compariſon. But though habit may prevent the 
«* older chemiſts from adopting your ideas, the young 
will not be influenced by the ſame cauſe; they will 
« all range themſelves under your ſtandard. We have 
«© already experienced this in the Univerſity of Edin- 
<« burgh, where the ftudents are allowed the fulleſt li- 
« berty in the choice of their opinions in ſcience. In 

« general, they embrace ons Rem and Fu to 
“ uſe the new nomenclature.” 

It cannot then be ſaid that the antiphlogitic doc- 
trine is not received, or that it has few partizans, ſince 
it has been adopted by the greateſt number of the 
moſt celebrated philoſophers and teachers of chemiſtry 
in Europe, fince almoſt-all thoſe of France teach it in 
their lectures, and fince, in oppoſition to the twelve or 
fifteen chemiſts in Europe who continue to reject this 
doctrine, there are at leaſt fifty philoſophers and teach- 
ers of chemiſtry who make it the bafis of their writings 
and lectures. How, indeed, could a ſyſtem fail to ſtrike 
every ingenuous mind with its beauty and perſpicuity, 
which admits no hypotheſis, which exhibits only the 
reſult of fact, and which explains the greater part of 
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the phenomena of nature and of art with a ſimplicity 
and eaſe unexampled in the older ſyſtems of phyſics? 
How could experiments fo accurate, and repeated. with 
| ſuch care, and a mode of reaſoning ſo juſt, fail to pro- 
duce conviction in impartial minds? 

If we read without prejudice the hiſtory of e lern 
chemiſtry, if we peruſe with ſtrict attention the wri- 
tings and diſſertations publiſned within the laſt ten 
years againſt the antiphlogiſtic doctrine, we ſhall ſoon 
perceive that the chemiſts who oppoſe this doctrine 


may be divided into two claſſes. One claſs does not 


underſtand the baſis of this doctrine, and appears to 
be even ignorant of the ſeries of experiments on which 
it is founded *. Such men it is in vain to oppoſe or 


2 3 1 1 


M. Baume has publiſhed at the end of the new edition of his Elements 


of Pharmacy, an appendix, expreſsly intended to declare his oppoſition to 


the new doctrine, to deny the decompoſition of water, and to cry down 
the new nomenclature. He ſhows, unfortunately, in almoſt every line, 
that he does not underſtand the doctrine which he calumniates, that he 
has not repeated any of the accurate experiments on which it is found- 
ed, and that he is by no means well acquainted with the preſent ſtate 
of modern phyſics. Thoſe who remember the bad ſucceſs of the ex- 
periments and opinions of M. Baume with regard to the converſion of 
filex into argil by fuſion with alkalis, the production of þoracic acid 
from fat and clay, the ſpontaneous irreducibility of the precipitate per 
ſe, the preparation of ethers, of Starkey's ſoap, metallic ſalts with an 
excels of baſe, ſulphuric ſalts with an exceſs of acid, &c. &c, will be 
able to judge how far the works of ſuch authors FR Gl to be refuted. 
The ſingular objections to the pneumatic doArine by. Monnet, to 
whom this ſcience was ſo much indebted before the diſcovery of the 
gaſes, are, if poſſible, ſtill more aſtoniſhing. Without having, it would 
appear, ever ſtudied the modern chemiſtry, without having acquired A 
lufficient knowledge of the new experiments and proceſſes which it ex- 
- hibits, he animadverts with warmth, and even with acrimony, againſt 


Scheele, whoſe numerous and valuable diſcoveries have been canfirmed : 


by all the other chemiſts. In ſpeaking of the oxalic acid, the oxyge- 

nated muriatic acid, and the arſenical acid, he tells us that he has never 

ſcen them, that he has never been able to obtain them; he has the aſ- 
Vol. 4 — 
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to attempt to convince. The long habit of making 


inaccurate and inconcluſive experiments in chemiſtry, 
and particularly the ftrength of old opinions, totally 
incapacitate them for underſtanding any thing which 


is new. The other claſs, who ſeem to be influenced 


by the ſpirit of party, are more to be dreaded ; they 
are acquainted with the experiments of the moderns, 
and fay they have repeated them ; they have them. 
ſelves made diſcoveries in the new chemiſtry ; they 
attack the antiphlogiſtic doctrine with weapons in ap- 
pearance more formidable than thoſe of the firſt claſs. 
They differ from the antiphlogiſtians only in their ex- 
planations and the mode of reaſoning they employ, 
Inſtead of going directly to their object, they follow a 
long and circuitous path. What proves that they are 
not in the true road to truth, is, that each phlogiſtian 
has framed a particular theory of his own, which. has 


8 
* — 


ſurance to ſay, that theſe acids do not ft, that all the pneumatic 


_ chemiſts are miſtaken, and that their ſyſtem is not tenable : Yet, in 


reading the diſſertation againſt the pneumatic chemiſtry, inſerted in 
the fourth volume of the Memoirs of the Academy of Turin, it will be 
eaſy to ſee that he has not underſtood the opinions of the modern che- 
miſts, that he has not comprehended the whole of their doctrine, and, 
what is. worſe, that he has made no experiment with accuracy, and 
with the neceſſary precautions for obtaining thoſe reſults which he 


wiſhes to repel. In ſhort, with his manner of operating,” and with his 


apparent contempt for the calculation of proportions in chemical ana- 
lyſis, it was impoſſible for him to appreciate the value of modern diſco- 
veries; and he denies their exiſtence, becauſe he failed in repeating the 
experiments on which they are founded. We have only to requeſt thoſe 
who have ſtudied modern chemiſtry to read with attention the works 
which have juſt been quoted, and judge for themſelves of the ſtrength 
of the objections which theſe authors have propoſed. They will ſoon 
be convinced of the truth of our aſſertions, and will not fail to per- 
ceive why, in ſpite of ſo,much oppoſition, the modern doctrine daily 
obtains new partiſans, and why it reckons among the number of its de- 


| fenders three-fourths of the moſt diſtinguiſhed philoſophers in Europe. 


Note of the Author. 
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| little-or no relation to any other theory; ſo that there 
are now nearly as many theories, as many different 
kinds of W as there are defenders of phlo- 
giſton. 

The philoſophers who adopt the pneumatic theory 
are not only more numerous, but have befides the ad- 
vantage of agreeing among themſelves. This alone 
ought to weigh deciſively with thoſe who are entering 
upon the ſtudy of chemiſtry, if they are not yet qua- 
lified to decide for themſelves, nor to form an opinion 
from their own inveſtigation. 
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' PHILOSOPHY OF CHEMISTRY. 


< 


Ix proportion to the advancement made by any ſcience, in pro- 
portion to the methodical arrangements it acquires to facilitate 
its progreſs, will its general truths be multiplied ;—ſuch- is the 
preſent ſtate of Chemiſtry. The prirciples of this ſcience have- 
been created but a few years, and already is it rich in corollaries 
or general reſults, in which are included all its parts. A- ſeries 
of theſe reſults may be highly uſeful. For twelve years I have 
been conſtantly employed in inveſtigating this ſeriesz and I have 
often given a ſketch of it in my lectures, particularly in thoſe 1 
deliver annually at the concluſion of my general and detailed 
courſe of Chemiſtry, While enumerating the phenomena that 
the known elaſtic fluids diſplay in their evolution, in their fixa- 
tion, and in their influence on the operations of nature and art, 
I take occaſion to review all the fundamental truths of the ſciencez 
and from their ſurvey a picture is exhibited, which recals to the 
memory all the changes of which natural bodies are ſuſceptible 
in their reciprocal attractions. But in combining theſe capital 
truths, it is evident that great diſcernment is neceſſary to ſelect 
thoſe which are the moſt general, which comprehend all the par- 
ticular facts, and from which they may be deduced as corollaries 
or immediate conſequences. It is neceſſary alio that they be ex- 
preſſed clearly and accurately, without ambiguity, and without 
doubt ; that their number be not too much increaſed, yet ſuffi- 
ciently fo as to include every fact of importance; and, laſtly, that 
they be arranged in ſuch an order, and follow one another in a 
ſeries ſo natural, as to exhibit the elements of the ſcience, and 
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to diſplay its reciprocal relations and dependencies. Such are the 
ideas I had formed, and by which I have been guided in the in- 
veſtigation of theſe truths. I conceived that they might ſerve to 
eſtabliſh a complete ſyſtem of Chemiſtry, which, fertile in its 
applications as well as in its principles, might recal to the adept 
all the facts which form the immenſe domain of chemical ſcience, 
and pive to him who ſecks information a competent idea of the 
career through which he has to run. 

It appeared to me that, in order to accompliſh this object pro- 
perly, it would not be ſufficient to exhibit a ſeries of uninter- 
rupted propoſitions, without connection, and without coherence ; 


but rather to unite them by general relations, in giving to them 
an arrangement which might enable the reader to diſcover and 


appreciate their connection, and, if I may uſe the expreſſion, 
their reciprocal reaction. This is what I term the Philoſophy of 
Chemiſtry. All the propoſitions of which it conſiſts have already 
been publiſhed in the chemical WT of the n 
under the article Axiom. 

It might be uſeful, I conceived, to the W of this ſcience, 
to publiſh them ſeparately, and in a more convenient form. The 
ſucceſs attending the firſt edition of the Philoſophy of Chemiſtry 
has induced me to publiſh a ſecond. In it there are a few alter- 
ations and ſome flight corrections, with ſcarcely any additions. 
'The nature of the work does not admit of them, unleſs the ſci- 
ence ſhall receive great acceſſions, and become enriched with 


new and important diſcoveries. 
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Arr. the facts and experiments of chemiſtry may be referred to 
the twelve following general phenomena: 
1. The action of light. 
2. The action of caloric. 
3. The action of air in combuſtion. 
4. The nature and action of water. 
5. The nature and action of earths, and the formation of 
alkalis, with the parts they perform in combinations. 
6. The nature and properties of combuſtible bodies. 
7. The formation and decompoſition of acids. 
8. The union of acids with earths and alkalis. 
9. The oxydation and diſſolution of metals. 
o. The nature and formation of vegetable ſubſtances. 
1. The tranſition of vegetables to the ſtate of animal mat- 
ter, and the nature of the latter. 
12. Finally, the ſpontaneous decompoſition of vegetable and 
animal ſubſtances. 
Theſe twelve heads may be conſidered as the titles of ſo many 
chapters, to each of which thoſe different articles of detail be- 
long, that have a direct relation to the head, and which, all taken 
together, include the whole of the doctrines of chemiſtry. 


CHAPTER I. 


THE ACTION OF LIGHT. 


* Licnr, whether it come from the ſun and fixed ſtars, or be 
diffuſed throughout ſpace, is modified in four different ways with 
regard to the bodies with which it comes into contact : Either it 
is reflected entirely from their ſurfaces to our eyes, and excites 
the ſenſation of whiteneſs ; or it is decompoſed, and ſome of its 


parts we bo are reflected, whence ariſe different colours; or it is 
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more or leſs completely abſorbed, and produces Abe 3 or, 


laſtly, it paſſes through bodies, deviating more or leſs from its 


courſe, by approaching the perpendicular, nd this conſtitutes tranſ- 


parency. 


II. In its paſſage through tranſparent bodies, it experiences a 
refraction, the degree of which is in a direct ratio to the denſity 


of the body, if incombuſtible, but increaſing in proportion to the 


combuſtibility of the body through which it paſſes. Hence New- 


ton divined the combuſtibility of the diamond, and the exiſtence 


of a combuſtible principle in water. | 
III. Light, in refracting, is decompoſed into ſeven rays; red, 
orange, yellow, green, blue, indigo, and violet. It has been ſup- 
poſed, that three of theſe colours, the red, yellow, and blue, 
were {imple ; and that the other four were formed each of the 


two contiguous to them ; that is, the orange from the red and 


yellow, the green from the yellow and blue, the indigo from the 
blue and violet, and the violet from the red and indigo. But this 
ſuppoſition has never been proved. The decompoſition effected 
by means of the priſm, is a fort of analyſis of light. 

IV. Light alſo acts chemically on ſubſtances, occaſioning de- 
compoſitions and combinations. This we infer from the differ- 
ence exhibited by bodies immerſed in light, from the ſame de- 
prived of this element. The former become in general coloured, 
volatile, and mflammable ; the latter have the oppoſite qualities. 

V. Thus, by the contact of light, ſome acids are decompoſed; 
many ſalts change their nature; the oxyds of metals in general 
re- approach the metallic ſtate : and vegetables acquire colour, and 
become ſapid and inflammable; deprived of light, they remain 
pale and inſipid, and are what we call eriolated. 

VI. Theſe general effects are almoſt always owing to this cir- 
cumſtance, that hght deprives burnt bodies of the principle they 
abſorbed in burning, ſo that from incombuſtible, which they had 
become, they return to the combuſtible ſtate. It may be ſaid, 
that light Ny unburns burnt ſubſtances. 


Application f the preceding Prepoſiti Hons. 


The colours of bodies. 
Tranſparency, 


Opacity. 
Brilliancy. 


* 
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Simple and double refraction. 

Metallic luſtre. 

The decompoſition of acids, and of metallic cayds. 

Decombuſtion. 

The alteration of the colours of minerals. 

Vegetation. | 

The decompoſition of water r by the leaves of plats. 

The renovation of the vital air of the atmoſphere. 

The formation of oils. 

The difference between the vegetables of hot climates, and 
thoſe of temperate ones, &c. | 


CHAPTER II. 


THE ACTION OF CALORIC. 


i. Wnar we call heat is a ſenſation produced by a ſubſtance 
to which modern chemiſts have given the appellation of calaric. 


When caloric is applied to our ſyſtem in a greater proportion than 


it already contains, the ſyſtem is warmed, and the ſenſation of 
heat produced. When, on the contrary, a ſubſtance of a lower 
temperature than our ſyſtem 1s applied to it, we feel the ſenſation 
of cold, becauſe we then loſe caloric. 

IT. Caloric-penetrates all bodies ; it ſeparates their ranticles by 
lodging between them, and diminiſhes their attraCtion ; it di- 
lates bodies, it liquifies folids, and rarifies liquids to ſuch a de- 
gree, as to render them inviſible, give them the form of air, and 
convert them into elaſtic, compreſſible, aeriform fluids. Hence 
it follows, that liquids are combinations of ſolids with caloric, 


and that gaſes are ſolutions of different bodies in caloric, which 


of itſelf is the moſt attenuate, ſubtile, light, and elaſtic of all 
natural ſubſtances ; accordingly its weight cannot be eſtimated. 

III. While caloric ſeparates the particles of bodies, and di- 
miniſhes their attraction for each other, it proportionally aug- 
ments their attraction for the particles of adjacent bodies. For 
this reaſon it is ſucceſsfully employed to produce combinations, 
and facilitate reciprocal unions. Hence the axiom, corpora non 
egunt, niſi ſoluta, bodies do not act, unlefs they be diſſolved. 

IV. Every particular body differing from others both in the 
form of its particles and their ſeparation from each other, re- 
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| quires a different quantity of caloric to raiſe it to the ſame tem- 
perature ; this is what is called the capacity of bodies for caloric, 
From this it follows, that different bodies, at the ſame tempera- 
ture, or indicating the ſame degree of the thermometer, really con- 

tain different quantities of caloric. 

V. This different quantity of caloric com; in bodies raiſed 
to the ſame temperature, which is with propriety termed ſpecific 
caloric, being incapable of being meaſured by the thermometer, 
a mode of aſcertaining it has been invented, by means of the 
quantity of ice which bodies at an equal temperature will diſſolve 

in deſcending to the ſame degree. The difference of the quan- 
tity diſſolved, gives the proportion of caloric contained in the 
ſeveral bodies, and the inſtrument employed to aſcertain this 
difference 1s called a calorimeter. 

VI. All the experiments made by the modern philoſophers, 
who have inveſtigated the theory of caloric, prove, that bodies, in 
changing their ſtate, change alſo their capacity. We call change 
of ſtate in bodies, their becoming. ſolid, liquid, or elaſtic fluid. 
Hence it follows, that by mixing two ſolid bodies at different 
temperatures, incapable of combining together, a mean of the 

two temperatures will be obtained, if their capacities be equal; 
but if their capacities be unequal, the temperature of the mix- 
ture will deviate more or leſs from the mean, and the difference 
will indicate the reciprocal capacities of the two bodies. _ 

VII. The preceding phenomena ſhow, that caloric has different 
attractions, or different degrees of affinity for different bodies. 
In all combinations, therefore, this varying attraction of caloric 
ſhould be attentively calculated. 

VIII. When bodies unite, either they loſe caloric, which indi- 
cates, that the new compound contains leſs than its component 
parts; and in this caſe the operation renders heat perceptible to our 
organs, and the temperature of the mixture is increaſed, which 
commonly takes place in our experiments: Or the bodies which 
combine abſorb caloric, and the new compound contains more 
heat than its component parts did ſeparately z and then, when 
the combination takes place, the mixture grows cold, the calorie, 
which was at liberty between its particles, unites with them more 
cloſely, and they even take ſome from contiguous bodies. 

IX. Sometimes caloric adheres ſo forcibly to bodies, that it 
prevents their combining with others. Thus many diſſolved into 
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gas, or elaſtic fluid, unite neither with other bodies, nor with one 
another, as long as they retain this ſtate of inviſible ſolution in 
caloric ; ſo that recourſe muſt be had to double attractions to 
effect their combination. 

X The attraction of caloric for ſome ſubſtances, 1s ſo great, 
that it is very frequently employed with advantage for ſeparating 
theſe ſubſtances from the compounds into which they enter, and 
for analyſing or decompoſing compound bodies. This is what 
we do in diſtillation, and in all the decompoſitions effected by 


means of fire alone, or caloric, applied to very compound ſub- 


ſtances. The different elements of theſe compounds are gradu- 


ally diſſolved in the order of their ſolubility in caloric, and ſepa- 


rated in the ſtate of vapour or gas. 
XI, Light, applied at the ſame time with caloric, frequently 


aſſiſts its action, or has its action aſſiſted by it. Hence, tranſ- 
parent veſſels employed in furnaces are extremely uſeful to che- 
miſts, by tranſmitting light and caloric at the ſame time. A ſi- 
milar effect is produced, by penetrating opake veſſels ſo tho- 
roughly with caloric, as to make them red-hot, or render them 
permeable to light. | 
XII. There are bodies which abſorb caloric much more ſpeedi- 
ly than others; this is called the property of conducting caloric. 
In general thoſe bodies which are moſt coloured are the beſt con- 
ductors. The cauſe of this phenomenon is unknown. 
XIII. All theſe facts prove, that caloric is a particular ſub- 
ſtance, and not a modification of all ſubſtances, as ſome natural 


philoſophers have imagined ; and it is far from having been ſhown 


to be the ſame thing with light ; for the farther we advance in 
the ſcience of phyſics, the greater differences appear in the action 
ofatheſe two ſubſtances. 


Application of the preceding Avioms. 
The dilitation of ſolids, and the rarclaction of fluids. 
Thermometers. | 
Fuſion. 


Sublimation and volatilization. 
The calorimeter, and tables of the ſpecific heat of bodies. 


The changes of temperature in different mixtures. 
Artificial refrigeration. 


The production of gaſes, and their fixation. 
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— 


; Diſtillation at different Ge 
Incandeſcence. 5 
The different conductors of calorie. 
The attractions of caloric. 


* CHAPTER III. 
- nx ACTION OF THE AIR. 
7 o & . N . | 1 
I. Tur air acts in a collective maſs on all natural bodies, b 


its weight, moiſture or dryneſs, temperature, &c. Accordingly 


experiments of ſyntheſis or analyſis, made in contact with the 
alr, differ conſiderably from thoſe which are performed in a va- 
cuum, and it is always neceſſary to aſcertain the ſtate of the ba- 
rometer, thermometer, and hygrometer, in chemical experiments. 

II. The atmoſphere is a vaſt laboratory, in which nature ope- 
rates immenſe analyſes, ſolutions, precipitations, and combina- 
tions: It is a grand receiver, in which all the attenuated and vo- 
latilized productions of terreftrial bodies are received, mingled, 
agitated, combined, and ſeparated. Conſidered in this view, the 
atmoſpheric air is a chaos, an indeterminate mixture of mineral 
vapours, vegetable and animal molecules, ſeeds, and eggs, which 
the luminous, caloric, and electric fluids are pervading and tra- 
verſing continually. The grand changes it experiences, and of 
which we are ſenſible in extenſive ſpaces by the appearance of 
water, light, free caloric, or noiſe, are called meteors. 

III. Notwithſtanding this mixture, of which it ſeems impoſſi- 


ble for us to aſcertain the nature, the atmoſpheric air is ſenſibly 


the ſame with regard to its intimate qualities, wherever we ex- 


amine it; and it is decidedly marked by its two properties of 


ſupporting reſpiration and combuſtion. The cloſeſt analogy ſub- 


fiſting between theſe two grand phenomena, from a careful ſtudy 


of what — in combuſtion we may acquire a mowing of the 
air. 

IV. A combuſtible body cannot burn without the contact of 
atmoſpheric air, or a certain matter extracted from it. Thus com- 
buſtion cannot take place in a vacuum. 5 

V. A combuſtible body cannot burn in a given quantity of at- 
moſpheric air, beyond a certain period. A hundred parts of 
this air contain only twenty- ſeven capable of ſupporting com- 
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buſtion; when theſe twenty-ſeven parts have been abſorbed by 
the combuſtible body, the combuſtion ceaſes, as the other ſeyen- 
ty-three parts cannot any way contribute to its ſupport. Hence 
it appears, that atmoſpheric air is a compound of two different 
ſubltances, ſetting aſide a few matters foreign to it, which are 


mingled with it, but amount not to more than a hundredth part 


of its bulk. Of theſe two ſubſtances, one ſupports reſpiration 
and combuſtion : This is termed vital air; the other is the . l 
of it in both theſe reſpects, and is called azotic gas. 

VI. Thus a body burning in the air effects a real analy of 
this fluid. It ſeparates from it and abſorbs the vital air, which 
augments the weight and changes the nature of the burning body. 
The azotic gas which remains is lighter than the atmoſpheric air, 
extinguiſhes bodies in combuſtion, and kills animals. It is alfo 
one of the conſtituent principles of ſeveral compounds, as we 


ſhall fee farther on, particularly of ammoniac, or volatile alkali, 


the acid of nitre, and animal ſubſtances. 

VII. A combuſtible body which-has burnt in atmoſpheric air, 
and abſorbed all the vital air to which it is capable of uniting, 
can burn no longer in a freſh quantity of air : It has become in- 
combuſtible, and frequently ſaline. 

VIII. A body burning in atmoſpheric air never abſorbs com- 
pletely the twenty-ſeven hundredth parts of vital air it contains. 
To make a perfect analyſis of the atmoſpheric air, and diveſt it 
entirely of this fluid, combuſtible bodies muſt be burnt in it re- 
peated times. 


IX. The portion of air thus abſorbed- by combuſtible bodies, 


called above vital air, is alſo named oxygen gas. The former 
name is derived from its being the only elaſtic fluid capable of 
ſupporting life : The latter is given it, becauſe many bodies on 
abſorbing it are rendered acid. 

X. Combuſtion then conſiſts-in the fixation and abſorption of 
vital air by combuſtible bodies, and the decompoſition: of the 
atmoſpheric air by theſe bodies. As the vital air only ſerves to 
ſupport combuſtion, it is eaſy to conceive, that a very combuſtible 


body, capable of abſorbing the whole of the vital air, may be em- 


ployed to determine the proportion of the two atmoipheric fluids; 
Thus phoſphorus is now uſed for the purpoſe of eudiometry, or to 
d iſcover the purity of the atmoſphere, that is to ſay, the propor- 
tion of this vital air which it contains. 
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XI. As vital air is a gas, and many combuſtible bodies, when 
they abſorb it, render it fixed, and cauſe it to aſſume the ſolid 
form, the vital air, when it is thus precipitated, loſes the caloric, 
which held it in a ſtate of ſolution, and gave it the elaſtic fluid 


form: Hence the origin of the caloric diſengaged, or of the heat 


produced, during combuſtion. 

XII. Combuſtible bodies differ from each other, firſt, In the | 
rapidity with which they abſorb oxygen; 2dly, In the quantity of 
it they abſorb; 3dly, In the proportion of caloric which they diſ- 
engage from the oxygen abſorbed ; and, by conſequence, 4thly, 
In the greater or leſs degree of ſolidity of the oxygen they contain 
after being burnt. 

XIII. Burnt bodies, then, may be defined to be bodies combined 
with oxygen: Accordingly they are termed oxygenated, or oxy- 
dated ſubſtances : und as the greater number of known bodies 
are either combuſtible, or already burnt, we may be allowed to 
ſuſpect, that many incombuſtible natural bodies, with the com- 
poſition of which we are unacquainted, are incombuſtible ſolely 
from being ſaturated with oxygen. With regard to ſome in this 
predicament, this conjecture has already been verified. 

XIV. From ſeveral of the preceding axioms, it follows, that, 
when we burn a combuſtible body in order to procure heat, as 
we do to mitigate the rigours of winter, we obtain at leaſt the 
greater part of the caloric from the air itſelf, with which it was 
combined. We may even aſſert, that the colder the air, the 
more heat is derived from it; becauſe, when the atmoſphere is 
extremely cold, more air paſſes into the fire in a given bulk. In- 
deed, it is well known, that the fire in our grates is much more 
ſcorching, and burns much more briſkly, when the air ſuddenly 
becomes cold; and the art of increaſing combuſtion by means of 
condenſed air thrown from a pair of bellows on wood already 
heated, is founded on this principle. 

XV. Combuſtion, then, is not confined to the decompoſition 
of atmoſpheric air by abſorbing one of its principles; for it alſo 
decompoles the vital air, by abſorbing, fixing, and rendering 
more or leſs ſolid, in the combuſtible body, the oxygen, or baſe 


of the vital air, and diſengaging the ſolvent of this baſe, caloric, 


in greater or leſs quantity. | | 
XVI. There is another intereſting enemas in combuſtion, 
which modern chemiſtry is able to explain: That of the diſen- 
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gagement of light, or the production of flame. It is demon- 
ſtrated, that the greater part of the light which conſtitutes flame 
is contained in the vital air, of which it is one of the principles: 
For, 1ſt, Combultible bodies afford much more flame when they 
burn in vital air alone, than in atmoſpheric air: 2dly, There are 
combuſtible bodies which do not burn with flame except in vital 
air: 3dly, To diſengage the oxygen from bodies which contain it, 
and convert it into vital air, it is not ſufficient to diſſolve it in a 
greater or leſs quantity of caloric, but it is neceſſary at the ſame 
time to add light: ꝗthly, There are burnt bodies which loſe their 
oxygen on the contact of light alone: In this ſenſe we muſt un- 
derſtand the property of unburning and decombuſtion, mentioned 
as a characteriſtic of light in the firſt chapter. 

XVII. Vital air, therefore, is to be conſidered as a compound 
of a ſolidifiable, ponderous, acidifying baſe, oxygen, diſſolved in 
two menſtrua, caloric, and light, which of themſelves are ex- 
tremely attenuate, highly elaſtic, and deſtitute of aſſignable 
weight. Combuſtion conſiſts in a more or leſs complete preci- 
pitation of the oxygen of theſe two menſtrua. 

XVIII. Thus, a combuſtible body, in burning, diſengages 
from vital air, not only caloric, but alſo light; and every com- 
buſtible body diſengages a different quantity of light from the 
vital air, as it does of caloric. It is probable that there are com- 
buſtible bodies which ſeparate from vital air more light than ca- 
loric, while others diſengage from it more caloric than light. 

XIX. The oxygen fixed in burnt combuſtible bodies remains 
more or leſs deprived of light and caloric ; and the denſity or 
ſolidity it acquires in the proceſs, is one of the cauſes to which 
is owing the greater or leſs facility experienced in ſeparating the 
oxygen from burnt bodies in the form of vital air. For this, ſome 
require more caloric than light; others more light than caloric. 

XX. It is eaſy to perceive, after what has been ſaid, that to 
ſeparate the oxygen from a burnt body, is to perform an opera- 
tion the reverſe of combuſtion. We have no word in our lan- 
guage to expreſs this operation. It would not be improper to 
ſay, that we unburn, that we diſoxydate the ode Hence the 
terms of unburning and difſoxydation. 

XXI. Beſide the greater or leſs force with which oxygen is re- 
tained in combuſtible bodies, according to its being combined 
with them in a ſtate of greater or leſs ſolidity, and its having loft 
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2 greater or leſs portion of its ſolvents, caloric and light; it ad. 
heres to them by its attraction, its particular affinity to each. A 
confiderable number of theſe affinities of oxygen. for different 


; ſubſtances are already known, and the degrees * ſome of them 


have been aſcertained. 

XXII. It is from the degrees of theſe affinities, that we are 
frequently enabled to transfer oxygen from a burnt body to a 
combuſtible one. In this proceſs a combuſtion takes place, fo 
much the more imperceptibly, or tacitly as it were, according 
as the oxygen is more ſolid in the burnt body, and more ſimilar 
in denfity to the body which abſorbs it, or into which it paſſes, 
But this kind of combuſtion ſometimes takes place with a vivid 
heat and flame : which phenomena occur, whenever the body 
which is to receive the oxygen muſt contain it in a more ſolid 
form than that from which it is extracted. Thus iron, zinc, an- 
timony, arſenic, &c. burn with flame, when heated with oxyd 
of mercury, from which they attract the oxygen, to contain it 
in a more fold form. 


Applications of the preceding Propoſitions. 


The obſtacle which air oppoſes to evaporation, the ebulli- 
tion of liquids, ſublimation, &c. 

The folution of water in _ and the hygrometrical ſtate of 
the atmoſphere. 

The effloreſcence and deliqueſcence of ſaline bodies, &c: 

Aqueous meteors. 3 | 

Experiments made at diffevett heights of the atmoſphere. 

Experiments made in a vacuum. 

The comparative nature of combuſtible bodies. 

The increaſe of weight and change of nature in theſe bodies 
after combuſtion. = 

The hiſtory of native burnt bodies, 

Artificial heat and flame. 

The theory of furnaces. 

The different eudiometrical procefics. 

The reſpiration of different animals. 

The mephitiſm occaſioned by combuſtion and reſpiration. 

The diminution, mcreafe, and ſupport of animal heat, 

Tranſpiration from the ſkin and lungs, &c. 
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CHAPTER IV. 


THE NATURE AND ACTION OF WATER. 


I. Wares exiſts in three different ſtates: that of a ſolid, 
which is ice; that of a liquid, its moſt common form; and that 
of vapour, or gas. | 

II. Ice is a cryſtallization more or leſs regular, tranſparent, 
very ſapid, elaſtic, fuſible at a temperature above 32 of Fahren- 
heit's thermometer, and which ſuffers the eſcape of much calo- 
ric from its interior, in ſeyeral combinations. 

III. Ice at 32% abſorbs 1129. of heat in melting, or hack a 
quantity of caloric as would raiſe a body of water of equal bulk 
with itſelf to 144%. Its capacity, therefore, is not the ſame with 
that of liquid water, which is owing to the difference of its ſtate, 


as has been ſaid in Chap. II. Sect. VI. 


IV. Whenever liquid water loſes much caloric on entering in- 


to any combination, it ought to be conſidered as ſolid in it: Fre- 
quently it is even much more ſo than ice at 329 z whence ariſes 
the ſolidity of mortars, or cements, of which flaked lime form 
a part. | 

V. Water remains 3 ſolid on mountains, cooled for ages 
by the preſence of ice, and underneath the poles. In theſe places 
it forms a kind of ene or white concretions almoſt ſimilar to 
itones, 

VI. Liquid water 1s pure, inſipid, deſtitute of ſmell, and 8 30 
times heavier than air. It forms rivers, brooks, ponds, ſprings, 
rivulets, &c. It occupies the cavities, furrows, and, generally 
ſpeaking, the loweſt parts of the globe. | 

VII. It is very ſeldom pure, for it diſſolves, in the earth, and 


on its ſurface, air, ſaline gaſes, and terreſtrious ſalts : It acts even 


on the moſt ſolid ſtones, which it diſſolves, carries along in its 
courſe, depoſits, and cryſtallizes. Hence it has been named the 


| grand ſolvent of nature. By it are produced various phenomena, 


and it is one of the moſt powerful agents, by which the ſurface 
of the globe is inceſſantly. modified. Its motions, its currents, its 
action, have gradually changed the nature of minerals, and cre- 
ated a kind of new world on the face of the old. 

VIII. Accordingly all the waters of the earth contain ſome 
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ſubſtance or other, foreign to the nature of water ; the preſence 
of which is diſcernible from the increaſe, of their ſpecific gravity, 
their taſte, more or leſs flat, earthy, and crude, and the difficul- 
ty with which they boil, dreſs pulſe, or diſſolve ſoap. The more 
free any water 1s from theſe properties, which are repugnant to 
its efſential character, the greater its purity. 

IX. Water flowing in a ſandy channel, and expoſed to the 
open air, is ufficiently pure for the purpoſes of life, and moſt of 
the uſes of the arts. On the contrary, that which traverſes chalk, 
gypſum, and marbles, or ſtagnates on turf, bitumen, and ores of 
metals, or in ſubterranean cavities far from the contact of the 
atmoſphere, is more or leſs impure. 

X. The art of correcting hard or impure water by chemiſtry, 
conſiſts in expoſing it to the atmoſphere, agitating it in contact 
with the air, boiling it, diſtilling it, and afterwards combining 
it with air. Frequently the addition of aſhes, alkalis, or weak 
acids, ſerves to diminiſh the bad qualities of water; and ſome- 
times even completely removes them. Moſt adventitious ſubſtan- 


ces, which diminiſh the purity of water, being either much more 


volatile, or much more fixed, than it, diſtillation is the moſt cer- 
tain method of obtaining pure water. For this reaſon chemiſts 
always employ diſtilled water in their experiments. 

XI. Liquid water, being a combination of ice at 32%, and ſuch 
a quantity of caloric as would have been ſufficient to raiſe the 
water to 144, on the addition of caloric becomes rarefied : When 
it is raiſed to a temperature of 1849, it aſſumes the form of gas; 
it is vapour: In this ſtate it is far lighter than liquid water, it occu- 
pies a much more extenſive ſpace, it eaſily penetrates all bodies, it 


readily diſſolves in air, and its expanſive force from the increaſe 


of its temperature renders it capable of moving enormous weights. 
XII. As liquid water abſorbs air, which renders it light, air 
alſo abſorbs and diſſolves water. This is the cauſe of water's eva- 
porating. The ſolution of water in air is dry and inviſible as air 
itſelf : It is proportionate to the temperature of the atmoſphere. 
The hygrometer does not indicate with precifion this water, for 
it is not affected by a complete ſolution of water in air, but moves 
according to the quantity of water which is juſt going to be diſ- 
ſolved, and more eſpecially of that which is precipitating from it. 

XIII. Water is not a fimple ſubſtance, as had long been ſup- 
poſed. By burning with rapidity. a number of combuſtible bo- 
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dies, more or leſs heated, as charcoal and pit-coal already on fire, 
red-hot iron, zinc melted and red-hot, oil, &c., water is decom- 
poſed, yielding to theſe combuſtible bodies the oxygen it contained. 
XIV. In proportion as the oxygen of the water becomes fixed 


in the combuſtible bodies which it burns, its other principle ca- 


pable of diſſolving in caloric forms the inflammable gas which is 

evolved. As this ſecond principle is one of the elements of wa- 
ter, it has been called hydrogen, and its elaſtic fluid ſolution in 
light and caloric, hydrogen gas. The diſengagement of this prin- 
ciple in the form of gas, which takes place wherever water is 
decompoſed by a combuſtible body, is the cauſe of a great num- 
ber of detonations and fulminations. 

XV. The hydrogen gas produced in various experiments al- 
ways originates from water, either in conſequence of a preced- 
ing decompoſition, in which it had been combined in the ſtate 
of fixed hydrogen, with one of the ſubſtances employed, or 
from a decompoſition of water actually taking place in the ex- 


periments themſelves. All the inflammable gas, therefore, pro- 


ceeds from water. 
XIV. Reiterated experiments have proved, that water con- 
tains about 85 hundredth parts of oxygen and 15 of hydrogen. 


The recompoſition of water, one of the grandeſt diſcoveries of 


modern chemiſtry, confirms the analyſis of this body; for on 
uniting by combuſtion 85 parts of oxygen with 15 of . | 
a hundred parts of pure water are obtained. 

XVII. When water is decompoſed by a e body, 
this is affected by means of a double affinity; that of the oxygen 
of the water for the combuſtible body, and that of its hydrogen 
for caloric. For this reaſon, the more caloric matter is employ- 
ed in the experiment of decompoſing water by means of iron, 
charcoal, or the like, the ſooner is the water decompoſed. From 
this neceſſity for an extreme abundance of caloric in the opera- 
tion, it is eaſy to conceive how the hydrogen, one of the ele- 
ments of the water, acquires a levity ſo far beyond that of the 
fluid from which it is derived: In fact, while a cubic foot of 
water weighs ſeventy pounds, a cubic foot of pure hydrogen 
gas weighs only ſixty-one grains. | 

XVIII. Hydrogen gas, though always produced by the de- 
compoſition of water, carries along with it various ſubſtances, 
either ſuſpended or diſſolved in it, according as the bodies from 
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"lt which it is extricated are more or leſs ſimple : Thus it is min- 
10 gled with azotic gas, carbonic acid gas, or vital air; or it holds 

| in ſolution, water, carbon, ſulphur, phoſphorus, arſenic, bil, al. 
11 cohol, ether, &c. From the difference of theſe adventitious 
ik | fubſtances which it contains, it varies in ſmell, weight, and 
1 inflammability, the colour of the flame it yields, its action 
1 on different bodies, and alſo in the products diſtinct from pure 
i | water which it affords in burning. Hence are derived the ſeve- 
| 


| ral ſpecies and denominations of inflammable gas admitted by au- 
1 thors, of which hydrogen gas always conſtitutes the general baſis, 
1 XIX. Hydrogen gas being one of thoſe natural ſubſtances that 
| | contain moſt caloric, it is among the number of combuſtible 
li 
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1 bodies, which give out moſt, and conſequently afford moſt heat in 
Il burning. Hence all compound combuſtible bodies, of which 
hydrogen conſtitutes the baſis, ſuch as oils, fats, and in general 
| all that originate from organized bodies, yield, during the pro- 
1 ceſs of burning, a confiderable quantity of heat. Wood, oil, 
1 4 pit-coal, bitumen, alcohol, ether, and the like, are of this kind. 
| XX. It follows, alſo, from what has been. ſaid, that thoſe 
it compound combuſtible bodies, which contain much hydrogen in 
vp their compoſition, neceſſarily require a large portion of oxygen 
| in burning, and afford water as a product of their combuſtion, 
in proportion to the quantity of hydrogen they contain. Thus 
wit 2 pound of alcohol, on being burnt, Fade more than a a pound 
Tit of water, &c. 
i 1 XXI. The combuſtible bodies which decompoſe water, gene- 
15 rally ſpeaking, are thoſe which have a greater affinity, or ſtronger 
1 attraction, for oxygen, than hydrogen has: But this attraction 
" is greatly affiſted by the preſence of caloric, which has a ten- 
ny | dency to unite with the hydrogen. A large quantity of caloric 
1 can even occaſion the decompoſition of water by bodies which 
1 would be incapable of devdompoũng it cold. To this light equally 
3/188 contributes. 
| 


* 


XXII. The combuſtible bodies which will not decompoſe wa- 
1 ter at any temperature, in conſequence of their feeble attrac- 
win tion for oxygen, which in this caſe always remains inferior to 
that which ſubſiſts between oxygen and hydrogen, mult, on the 
# contrary, when they have been burnt by other means, be decom- 
1. 5 poſed, or ſuffer their oxygen to be taken from them, by hydro- 
gen. This hippens to the oxyds of lead, biſmuth, &c. 
; | 6. 
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XXIII. Hitherto the art of chemiſtry has arrived at the know - 
ledge of no means of decompoſing water, but by combuſtible 
ſubſtances, which take from it its oxygen: We are unacquainted 
with any capable of attracting its hydrogen, and ſetting its 
oxygen free. It would ſeem, however, that nature has inſtru- 
ments for effecting this inverſe manner. of decompoſing water : 
The leaves of vegetables ſtruck by the rays of the ſun appear to 
decompoſe water by abſorbing its hydrogen, and diſengaging its 
oxygen in the form of vital air. This we may preſume to be -in 
part the mechaniſm of vegetation, of the formation of oils, and 
of the renovation of the atmoſphere. See Chap. IX.- | 
XXIV. While hydrogen and oxygen, each diffolved into gas 
by caloric and light, remain in contact with each other cold, 
they do not combine; no inflammation occurs, no water is form- 
ed. But if the mixture be expoſed to an ignited body, ſtrongly 
compreſſed, or affected by any violent and forcible concuſſion, a 
combination of the two commences, combuſtion takes place, and 
water is produced. 

XXV. A ſimilar phenomenon appears to take place in the at- 
moſphere. Atmoſpheric detonations, claps of thunder, feem to 
be nothing more than a combuſtion of hydrogen gas and vital 
air; and accordingly they are often ſucceeded by a torrent of 
rain. Some ſtorms of rain alſo appear to be in like manner ow- 
ing to a fudden formation of water in the atmoſphere, from the 
rapid combuſtion of hydrogen gas and vital air, occaſioned by an 
electric ſpark, ariſing from the neceſſary re-eſtabliſhment of an 
equilibrium of electricity between different clouds, or 1. 
the clouds and the earth. 

XXVI. A multitude of chemical Hind of nature and 
art, formerly inexplicable and ranked as miraculous, are nov 
eſteemed the neceſſary conſequences of the decompoſition of 
water well underſtood. Of the truths exhibited in this chapter 
the influence on the general theory of chemiſtry is mn 
will appear in thoſe that ſucceeed. 


Applications of the Prop gfitions in this Coos 


Artificial refrigerations. 


The theory of the permanent ice cov wering the tops of moun- 
tains, and the neighbourhood of the poles. 


The varieties of atmoſpheric and terreſtrial waters. 
Vol. I. B 
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1 PHILOSOPHY OF CHEMISTRY. 
The art of correcting the bad qualities of waters. 
The theory of the ebullition of water. 
The difference between boiled water and water pregnant | 
with air. 
The diſtillation of water in the great, and that. of ſalt water. 
The theory oſ fogs and dew. 
The theory of the hygrometer, and nene phenomena. 
The burning of combuſtible ſubſtances by means of water. 
The gaſes diſengaged from ſtagnant waters 
The variety of inflammable gaſes. 
The colouring of ſubſtances by inflammable ſi 
The oxydation of metals, or ruſt, produced by damp air. 
The theory of detonations. : 
Some phenomena of metallic ſolutions. | 
Some fundamental principles of the theory of vegetation, 
the formation of oils, &c. 


CHAPTER V. 


THE NATURE AND ACTION OF EARTHS AND ALKALIS, 


I. War was W called earth by way of eminence, and 
conſidered as an element, and the cauſe of ſolidity, dryneſs, in- 
ſipidity, indiſſolubility, &c., is now conſigned to that claſs of 
vague and indeterminate ideas, which the- ĩmagination, -unſatisfi- 


ed with the ſucceſs of experience, invented to ſupply the place 


of facts. At preſent no elementary earth is acknowledged; and 
inſtead of one earthy ſubſtance, we have at leaſt five, all of 


which have an equal claim to be denominated elements; for each 


enters into the compoſition of various bodies. 

II. Of the five earthy ſubſtances that have been diſcovered, 
two are in ſome meaſure more earthy, dry, ſuſceptible of hard- 
neſs, inſipid, &c.; while the other three poſſeſs ſaline proper- 
ties, which render them ſomewhat akin to the ſubſtances deno- 
minated alkalis. Theſe three, which have in conſequence been 


termed ſalino-earthy, ſaline earths, alkaline earths, and earthy 


alkalis, are baryt, magneſia, and lime. The other two are fi- 


lex and alumin. 5 
III. The generical characters common to all theſe are dryneſs, 


unalterableneſs in the fire, infuſibility, and the quality of being 
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inſuſceptible of decompoſition, and acting as ſimple and inde- 
ſtructible ſubſtances in combination. Beſide theſe, each has ſpe- 
cific characters by which it is diſtinguiſhed. 

IV. Silex which has been named filiceous earth, quartzoſe earth, 
and vitrifiable earth, is rough to the touch; it ſcratches and wears 
away metals; it is infuſible, incombuſtible, inſoluble in water and 
moſt acids, ſoluble by alkalis in a ſtrong fire, and forming glaſs with 
theſe ſalts. It is found in abundance in ſand, quartz, flint, agate, 
jaſper, ſandſtone, and all ſtones that ſtrike fire, of which it con- 
ſtitutes the baſis. It has neither been analyſed, nor imitated by 
ſyntheſis. Some have conſidered it as the moſt ſimple of the 
earths, the terreous element, the origin of all the other earths ; 
but experience has not ſupported their aſſertions. It is employed 
for various purpoſes, particularly for mill-ſtones, and making 
glaſs, cements, earthen- ware, &c. 

V. Alumin, ſo named becauſe it conſtitutes the baſis of alum, 


the ſame which ſome authors have called argil, is ſoft to the 


touch, and adheſive to the tongue, it hardens in the fire, 
makes a paſte with water, unites with moſt acids, dries in 


flakes, acquires great hardneſs when mixed with water and ſilex, 
and is contained in a large proportion in clays, ſchiſts, ſteatites, 
&c. It is employed for various purpoſes of art, from its apti- 


tude for moulding into different forms, and retaining them, and 
its qualities of hardening in the fire, and holding water. By 
ſome it has been erroneouſly conſidered as ſilex changed, attenu- 
ated, and rotted by the action of air and water, but with its in- 
timate nature, or principles, we are totally unacquainted. 
VI. Baryt, or heavy earth, is remarkable for its extreme pondero- 
ity. This is never found alone in nature, but always united with 
the ſulphuric or carbonic acid. In the fire, and in contact with 
the ſilex or alumin of the crucible, it aſſumes a blue or green 
colour : it is ſoluble in nine hundred times its weight of water, 
changes ſyrup of violets green, has a ſtronger affinity even than 
alkalis for moſt acids, and will any where detect the preſence 
of ſulphuric acid, and indicate its quantity. Its principles are 
unknown, though it is ſuſpected of being a metallic oxyd. 


VII. Magneſia is very fine, very white, unalterable in the 


fire, ſoft, and light. It reſembles vegetable feculæ, requires near 

two thouſand parts of water to diſſolve it, very ſlightly greens 

the tincture of violets and mallow flowers, forms with acids ex- 
| By 


— 
= 


3 
r 


4 —— 
—— —— — 3 N 
— — i 


. mee 2,” ot rae_— = arte A 


— 


** 


nk 


* im" a 
Bog a RO LIPS ag: 5 
4 ata 


— —— ¶ — — 
— — 1 


— TR 


—— — ä— — 
hy 
* 


— * 


— 


20 PRILOSOPHY OF CHEMISTRY. 


tremely ſoluble ſalts, and is leſs retentive of acids than lime, 
which attracts them from it, having nearly the ſame affinity for | 
them as ammoniac, with which and acids it forms ſalts with two 
baſes, or a claſs of triple ſalts. It exiſts in conſiderable quanti- 
ty in ſerpentines, mica, ſlates, and amianthus ; is equally inca- 
pable of analyſis with the preceding earths; and, like theirs, its 
compoſition is unknown. 

VIII. Lime is the moſt alkaline of earths, and the only one 
that poſſeſſes an acrid, burning, almoſt-cauſtic, diſagreeable, and 
urinous taſte. It is very powerful in converting the ſyrup of 


_ violets to a green colour; attracts water from the ' atmoſphere 


when flacked in it ; heats greatly with water, and becomes ſolid 
with it; gives out a large quantity of caloric when flacked dry; 
diſſolves in leſs than ſeven hundred parts of water; attracts car- 
bonic acid from the atmoſphere, and forms on the ſurface of its 
ſolution a pellicle of chalk, improperly called cream of lime ; is 
unalterable alone, but melts with ſilex and alumin; and is form- 
ed of principles with which we are yet unacquainted, though it 
is evidently a compound. 

IX. The pretended converſion of earths, each into other, ad- 
mitted by natural philoſophers, is nothing more than a chimera: 
ſo far is it from being proved, that ſilex becomes alumin in con- 
ſequence of expoſure to the air, that flints are changed into 
chalk, and that chalk is converted into magneſia, as ſome have 
ſuppoſed on much too feeble grounds. 3 

X. The three alkaline earths are to appearance more manifeſt- 


ly compound than the other two. There is reaſon to preſume, 


that azot is one of their principles, and gives them their alkaline 
properties: however, experience has yet afforded no proof in 
ſupport of this opinion ; though their origin, aſcribed with con- 
ſiderable probability to marine animals, which contain a large 
portion of azot in their compoſition, renders it not deſtitute of 
foundation. | | 

XI. As to the metallic nature of the five earths, which ſome 
ſuppoſed they had demonſtrated by an imaginary reduction of 
them into metals, by expoſing them to a violent heat in contact 
with charcoal ; the very ſmall and few metallic globules obtained 
evidently came from the charcoal and the earth of the cupels, and 
has been diſcovered to be nothing more than phoſphur of iron, in 
the treatment of each of the different earths; whence it is ſutb- 
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ciently proved, that they afford no metallic ſubſtance. Several 
natural philoſophers continue of opmion, that earths are ſpecies 

of burnt bodies, to which the oxygen is ſtrongly adherent, and 
incapable of being decompoſed on account of their powerful at- 
traction for this principle; ; but in this they are not e By: 
experience. 

XII. Earths e by twos, Ewell and even PIR num- 
bers, by proceſſes unknown to us, which nature employs on a 
very extenſive ſcale, to produce ſtones differing in hardneſs, tex- 
ture, tranſparency, opacity, colour, form, &c. If art have fail- 
ed to imitate theſe compounds, the reaſon is, time, ſpace, and 
quantity, are wanting. Something ſimilar to the natural earthy 
compounds, however, may be produced, by leaving a long time 
in contact, earths, intimately mingled, and moiſtened at firſt with 
a little water. | 

XIII. The three alkaline earths form a kind of intermediate 
link between earths and alkalis. The latter are diſtinguiſhable 
by their acrid, burning, and urinous taſte, their cauſticity, their 
ſingular action on the ſkin, and all animal ſubſtances, the quality 
of changing the blue colour of violets to a green, and even a 
greeniſh yellow, and deliqueſcency. We are acquainted with 
three ſpecies, potaſh, ſoda, and ammoniac. The firſt and ſe- 
cond have been called fixed alkalis, becauſe they melt and grow 
red in the fire before they become volatile; the third has been 
named volatile alkali, from poſſeſſing the oppoſite property. 

XIV. Potaſh is known by the following characters: lt is dry, 
ſolid, white, chryſtalized in rhomboidal plates, fufible at a tem- 
perature of 2039, and very deliqueſcent, abſorbs water. with heat 
and a peculiar faint ſmell, combines with filex by fuſion, and 
forms with it a tranſparent compound. It is frequently found 
native with lime, and combined with different acids; but is chief- h 
ly obtained from vegetables, in the afhes of which it remains af- | 
ter combuſtion. It is ſuppoſed that it bears ſome analogy to 
lime, and may perhaps be formed of azot combined with it: ex- 
perience, however, gives no {ſupport to this opinion. 

XV. Soda is procured from marine plants by incineration, and 
conſtitutes the baſis of fea-ſalt. It ſtrikingly reſembles potaſh in 
form, cauſticity, fuſibility, deliqueſcency, combination with ſi- { 
lex by means of fuſion, action on ainmal ſubſtances, &e. ; fo | 


that it was long confounded with it, and might have continued 
B 11 


— — — 


— R— —— A — 2 ——— - 


— 


RARE TEC — COT 


Zz 95 ornr> ² 
5 5 2 


77 


—— 5 
n 2 
* 


r 


— 
— Ine <a "er, 


"anc "=" 
4  WYATS ca x 
. — — 
* 


— —— 


— — — — 
PPP 


* — I — — — 5 
Fr y A . or ve WY <a> a 
— —— 
ad — — 1— a 
A & 
wo 


22 PHILOSOPHY OF CHEMISTRY, 


to be ſo, if it did not form very different ſalts with acids, and 
yield theſe acids to potaſh. It has been imagined, that ſoda was 
a compound of magneſia and azot, becauſe ſalts with ſoda for 
their baſe have been as frequently found with ſalts having for 
their baſe magneſia, as calcareous ſalts with thoſe having potaſh 
for their bafis : but both theſe opinions remain hitherto equally 
devoid of proof. 

XVI. Ammoniac or volatile alkali, differs greatly from the 
two preceding ſpecies in its form of gas when diſſolved in caloric, 
in its liquid form when diflolved in water, in its pungent and 
ſuffocating ſmell, its ſolubility in air, and its known and eaſy 
decompoſition by the electric ſpark, metallic oxyds, and the 
nitric and oxygenated muriatic acid. This decompoſition evinces, 
that ammoniac is a compound of hydrogen and azot ; and for 
this reaſon it frequently exhibits the phenomena of a combuſtible 
ſubſtance. Hence alſo it is eaſy to concieve, how animal mat- 
ters furniſh ammoniac in conſequence of putrefaction. | 

XVII. If azot ſhould at ſome future period appear to be the 
principle that forms alkalis, the atmoſphere will be found to 
conſiſt of a mixture of oxygen and alkaligen, each ſeparately diſ- 
ſolved in caloric ; and it will exhibit an immenſe reſervoir, from 

which the philoſopher will perceive nature drawing the materials 
of two claſſes of compounds, the moſt active and uſeful in a great 
number of her operations. 


Applications of the Prapofitions's in this Chapter. 


The extraction, preparation, and purification of earths. 
The theory of the arts of the potter, brickmaker, &c. 
The theory of cements and mortars. 
The reciprocal combinations of earths by means of fire. 
The natural hiſtory of ſtones. 
The compound nature of earths and ſtones, 
The alteration of colours by means of alkalis. 
Vitrification and the art of making glaſs, 
The extraction and purification of potaſh and ſoda, 
The theory of alkaline cauſtics. 

Some points regarding putrefaction. 
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CHAPTER VI. 
THE NATURE OF COMBUSTIBLE BODIES. 


I. CompusrraLs bodies are too various, numerous, and im- 
portant in the phenomena they exhibit, and the combinations 
they are inceſſantly entering into with each other, and with the 
air, not to excite us to examine them with care, and endeavour 
accurately to aſcertain their properties and ſpecific characters. 

II. In comprehending under this name all ſubſtances capable 
of combining more or leſs rapidly with oxygen, and diſengaging 
from it caloric and light, we ſhould arrange them in two claſſes; 
ſimple or indecompoſed combuſtibles, or ſuch as cannot be de- 
compoſed, and combuſtibles more or leſs compound. 

III. We call thoſe combuſtibles ſimple, which we are hitherto 
unable either to decompoſe, or to compoſe by the union of dif- 
ferent ſubſtances. With their intimate nature we are unac- 


quainted. Sometimes they occur ſingly in the mineral kingdom, 


or in one of the others; but they are found moſt uſually com- 
bined two and two together. Such are the diamond, hydrogen, 
ſulphur, phoſphorus, carbon, and the metals. Each of theſe ſix 
genera muſt be conſidered ſeparately. 

IV. The diamond is the hardeſt of all the bodies that we 


know. It is very remarkable for the power with which it re- 


fracts and decompoſes light, from which Newton diſcovered, that 
it was very combuſtible, It is found native, cryſtallized in octa- 


edra, dodecaedra, &c, ; exhibits ſome varieties differing in texture, 
denſity, and colour ; burns with a perceptible flame, and is con- 


verted into vapour by burning. Its combination with oxygen is 
unknown. Few ſubſtances act upon it; and, if it were not 
combuſtible, it might be conſidered as inſuſceptible of. alteration. 
We know no compound into which it enters as a conſtituent 
part; and it ſeems of all bodies the leaft obedient to chemical 
attraction. 

V. Hydrogen is one of the principles of water. With caloric 


and light it forms hydrogen gas, ſixteen times as light as air, in 


ſoluble in moſt ſubſtances, capable on the other hand of diſſolv- 

ing ſulphur, phoſphorus, carbon, arſenic, oils, &c, z and thus 

forming the different ſpecies of inflammable gas, formerly called 
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ſulphurated, phoſphorated, carbonated, arſeniated, oleaginous, &c, 
hydrogen gas. It decompoſes ſeveral metallic oxyds, and acids 
with ſimple and known radicals; imparts to all the compounds 
into which it enters, whether they be combuſtible or not, a 
conſiderable refringent power, which property led Newton to 
conjecture, that a combuſtible ſubſtance was contained in water; 
becomes fixed in organized bodies, and forms one of the principles 


of the mixed combuſtibles they contain. See Chapters IV. and X. 


VI. Sulphur is a yellowiſh ſubſtance, odorate, electric, tranſ- 
parent and octaedral, opake and priſmatic, and fufible. It is 
fuſceptible of two kinds of combuſtion; the one ſlow, with a 


blue flame, and the formation of ſulphurous acid; the other rapid, 


with a white flame, during which ſulphuric acid is produced. 
It combines with earths and alkalis; becomes ſoluble when thus 
combined; unites with metals, and forms ſulphurous ores ; and 
exiſts in the earth in very large F, either alone, or com- 
bined with metal. 5 
VII. Phoſphorus is a white, tranſparent, cryſtallized, emailed; 
ed, and extremely fuſible ſubſtance. It burns in two modes; 
ſlowly, in every temperature with which we are acquainted, emit. 
ting a white flame and acrid odour, and forming phoſphorous acid ; 
rapidly, in a temperature of 147*, with a vivid and very brilli- 
ant flame, without any perceptible odour, and forming phoſ- 


phoric acid. It is never to be found pure in a native ſtate, on 


account of its extreme combuſtibility; unites with ſulphur, and 


with metals; is ſoluble in hydrogen gas; takes away oxygen from 


ſeveral metals, and ſeparates them from acids, reſtoring their pro- 
per form and metallic luſtre; and exiſts more abundantly in the 
mineral kingdom, even than in the animal, to which it was once 
excluſively attributed. 

VIII. Carbon is the combuſtible matter of coals, WR pure 
and iſolated from earths, alkalis, ſalts, &c. It is combuſtible in 
a great degree of heat; forms carbonic acid when united with 
oxygen; has the ſtrongeſt attraction for oxygen of any known 
ſubſtance, and deprives all other burnt. bodies of this principle; 
exiſts in abundance in animals and vegetables, conſtituting almoſt 
wholly the ſolid baſis of the latter, and on that account remains 
ing, and preſerving their form, after they are decompoſed, either 
ipontaneouſly or by the action of caloric ; is ſoluble in alkalis, 
and hydrogen gas ; unites with metals, forming with Iron, in par⸗ 
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ticular, ſteel, and carbure of iron, improperly called Plumbago, lead 
;r2, or black leads and is found in each of the natural kingdoms. 

IX. Metals are well known for their great ponderoſity and 
luſtre : they are fuſible, cryſtallizable, and combuſtible 3 decom- 
poſe water and ſeveral acids; unite with ſulphur, phoſphorus, 
carbon, and each other, at different temperatures; and in their 
ſtate of oxyds, perform a double function, that of acids with 
earths and alkalis, and that of ſalifiable baſes with acids. This 
genus differs from all that precede, particularly in the number of 
its ſpecies. To give a juſt idea of theſe, of which there are ſe-. 
venteen with which we are well acquainted, and this number 
will probably be ſtill farther increaſed by new reſearches, I ſhall 
divide this genus into five ſections: In the firſt, I ſhall compriſe 
brittle and acidifiable metals, of which there are three, arſenic, 
tungſten, and molybdzna : In the ſecond I ſhall rank thoſe which 
are brittle, and fimply capable of oxydation, of which I reckon 
five ſpecies, cobalt, biſmuth, nickle, manganeſe, and antimony : 
The third ſection will include the ſemi-ductile and oxydable, of 
which there are two, zinc and mercury: The fourth ſection 
will be aſſigned to ſuch metals as are perfectly ductile, and 
eatily oxydable which are tin, lead, iron, and copper : And 
the fifth will comprehend thoſe that are perfectly ductile, but 
oxydable with difficulty, which are ſilver, gold, and platina. As 
the ninth chapter is reſerved for the moſt important chemical 
properties of metals, it will be ſufficient here to exhibit briefly 
ſome ſpecific differences of each of theſe bodies ; obſerving, that 
the appellations of /emi-metals, imperfect metals, and perfect metals, 
manifeſtly originating from the erroneous ideas of alchemy, ought 
to be diſcarded from the language of a ſcience that has any pre- 
tenſion to accuracy. 

A. Arſenic is lamellated, of a bluiſh gray colour, brilliant and 
fragile; and burns with a blue flame, and a n reſembling that 
of garlic. 

B. Tungſten is of a gray white coldus; granulated, friable, al- 
molt infuſible, and ſcarcely ſoluble in acids, though extremely 
oxydable and acidifiable by the operation of air and caloric. _ 

C. Molybdzna is in the ſtate of powder, or grains, blackiſh, 
lining, agglutinated, fragile, very little fuſible, and by burning 
becomes a white, volatile, priſmatic, and acidifiable oxyd. 

D. Cobalt is granulous, fine, of a roſy white colour, fragile, 
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a glaſs of a yellow hue, reſembling that of a topaz. 
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pulverable, difficult of fuſion, and becomes blue when melted 
with glaſs. 

E. Biſmuth is in large laminæ, of a velloarith . brittle, 
eaſily fuſible, very cryſtallizable, and extremely oxydable. 

F. Nickel is gray, granulous, hard, a little fragile, extremely 
difficult to fuſe, and affords a green oxyd by means of caloric 
and air. 

G. Manganeſe is of a gray white colour, and fine grain, WER 
tle, very difficult to fuſe, and of all metals the moſt combuſtible 
in the air alone, ſo that it changes colour immediately on expo- 
fure to it, and is reduced to a black duſt in the courſe of a few 
days. It ſhould be kept underneath alcohol, or oil, to prevent it 
from burning. 

H. Antimony is of a pure white, in large laminæ, WY hard 
to fuſe, and ſublimes on combuſtion in the air into a white, cryl- | 
tallized oxyd, which almoſt acts the part of an acid in uniting 
with alkalis. 

T. Zinc is of a blue white a in large laminz, ſemi-fragile, 
m ſome degree malleable, eaſy to fuſe, the moſt inflammable of 
metals, burning, when red hot, with a beautiful yellowiſh white 
flame, and powerfully eee water. 

K. Mercury is fuſible at 30 below o of Reaumur's chm 

meter, and congeals at 31®, becomes a black oxyd (ethiops per ſe) 
by mere diviſion, or is Wan by this ſimple proceſs in 
every viſcous or conſiſtent matter with which it is triturated. 

L. Tin is of a brilliant white colour, ſoft, light, little ſonorous, 
capable of being ſcratched by the nail, very fuſible, very combuſt- 
ible, and affords a white oxyd, which deſtroys the tranſparency of 
glaſs, and converts it into enamel. | 

M. Lead is of a dull bluiſh colour, heavy, ſoft, extremely fu- 
ſible, and affords an oxyd the moſt vitrifiable of all we know, and 


N. Iron is white, fibrous, the moſt tenacious of metals, very 
difficult to fuſe, very combuſtible, and the only metal attracted 
by the magnet. It readily decompoſes water, changes to a pow- 


der in the air, unites with carbon, which converts it into ſteel» 


and is the only metal any way abundant in the two organic king” 


doms. 
O. Copper is of a fine ſhining red, very | fofe and ductile, odor- 


ate, and poiſonous. It burns with a green flame, and afford 
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brown, blue, and green oxyds, the _ of which is formed in 
damp air. 

P. Silver 1s of '1 a pure and brilliant white, deſtitute of ſmell 
and taſte, very duCtile, not oxydable by caloric and air, burning 
with a greeniſh flame by the electric ſhock, growing black from 
the fumes of ſulphur, unalterable by the air alone. 

Q. Gold is of a fine brilliant yellow, extremely duQtile, leſs 
combuſtible and leſs oxydable than filver, and even till leſs al- 
terable than it by the contact of air. It is convertible into a fine 
purple oxyd by the electric ſhock. 

R. Platina is the heavieſt, moſt infuſible, leaſt combuſtible, 
and leaſt alterable of all metals. It is of a gray white co- 
lour, poſſeſſes little brillancy, and will at ſome future period 
become one of the moſt valuable inſtruments of the arts. 

X. Compound combuſtible bodies are all ſuch as reſult from 
2 combination of ſome of the preceding ones: thus the ſolu» 
tions of ſulphur, carbon, phoſphorus, and arſenic, in hydrogen 
gas, are compound inflammable gaſes : and the combinations of 
ſulphur with phoſphorus, of carbon with iron, of different metals 
with ſulphur, phoſphorus, and each other, are compound bodies. 
Such are almolt all the combuſtibles we meet with in nature : it 
is the province of art to ſeparate them from each other, and e EX» 
hibit them pure and iſolated. 

XI. When we compare the properties of compound combuſt- 
ible bodies with thoſe of ſimple combuſtibles, we perceive, that 
the former ſometimes abſorb oxygen with more avidity than if 
they were alone, as many metallic ſulphures, and alloys ; at 
other times, on the contrary, we find them leſs ready to burn, 
on account of the ſtrong attraction they poſſeſs for each other, 
which is the caſe in general with phoſphorated metals. There 
are even ſome that are long unalterable in the air, appearing to 
have loſt by their intimate combination the property of being 
combuſtible, which they exert only when ſtrongly heated ; as 
the carbure of iron, which is even employed with ſome ſucceſs 
to prevent iron from contracting ruſt. 

XII. Hydrogen and carbon, very intimately ynited together i in 
the- capillary tubes of vegetables, and frequently containing ſmall 
portions of earths, alkalis, acids, and eſpecially oxygen, form 
ditumens, oils, and reſins, which, though they have a tendency 
to burn and ſeparate, preſerve ſome time the equilibrium, of 
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their combination, till a rapid increaſe of temperature „ ACCOM- 
panied with the contact of air or water, puts an end to this 
equilibrium, by iſolating their elements, and uniting them ſepa- 
rately with oxygen. Accordingly the products of theſe com- 
pound combuſtibles are univerſally. water and carbonic acid. It 
is the ſame with alcohol, and with ether, formed by modifica- 
tions of the principles of vegetable matter, which, in their ul- 
timate analyſis, are nothing elſe than combinations of hydrogen 
and carbon with more or leſs oxygen and water. See Chapters 
A, al, IL 5 

XIII. This exhibition of the different ſpecies of combuſtible 
bodies, and their principal characteriſtic properties, ſhows the 
part they act in the phenomena of the globe, It authoriſes us 
to divide almoſt all the productions of nature into two grand 
claſſes, one of combuſtible bodies, the other of bodies already 
burnt : In the maſſes and action of the former we diſcern the 
cauſes of inflammable meteors, partial heat, volcanoes, the per- 
petual alterations of the ſurface of the earth, &c.; in the ex- 
iſtence of the latter, we perceive the ſource of the number and 
diverſity of acids, ſaline compounds, oxyds, and metallic falts, 
which vary in a thouſand ways the appearance of ores, their re- 
ciprocal decompoſition, and their alterations by the aCtion of 
water, air, and light; in fine, we diſcover in vegetables ma- 
chines which nature has organized for the purpoſe of intimately 
combining ſeveral of theſe ſubſtances with each other, in order 
to form compounds more ſubſervient to its grand deſigns, as 
they are leſs durable and permanent. 


Applications of the Propefitions in this Chapter. 


The circumſtantial hiſtory of the combuſtion of each com- 
buſtible ſubſtance in particular. 

The hiſtory of ſoils impregnated with OE) and of na- 
tive ſulphuric acid. 

The phenomena of natural inflammable gaſes in _— 
mines, the atmoſphere, &c. 

The properties of earthy, alkaline, and metallic ee 

I) he converſion of ſulphures into ſulphits and ſulphats by 

the action of air and water. 

The properties, extraction, and combinations of ae 
rus: Metallic phoſphures. 
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The exiſtence of native metallic carbures. 

The phenomena depending on the denſity, weight, duCti- 
lity, and fuſibility of metals. 
The properties and uſes of alloys. 
The formation of ſecondary ores, from native metallic ſalts. 
Volcanoes, and ſulphurous and thermal waters. 

Bitumens; the compariſon of ſulphur, carbon and fimple 
combuſtible bodies, with oils, &c. &c. 


=o 


CHAPTER VII. 


THE FORMATION AND DECOMPOSITION OF ACIDS. 


I. Sixce all acids reſemble each other in their taſte, their 
manner of giving a red colour to vegetable ſubſtances, their ten- 
dency to combine with earths, alkalis, and metallic oxyds, and 
their property of attracting and being attracted powerfully, it 
was natural to preſume, as Newton obſerved, that they likewiſe 
reſembled each other in their intimate nature, and poſſeſſed ſome 
homogeneal principle: And chemical. analyſis, by the help of 
the new means it his in its power to employ, has eſtabliſhed this 
as a truth beyond the poſſibility of doubt. 

II. As every acid contains oxygen, and loſes its acidity exact- 


ly in proportion as it is deprived of this principle, we ought to 


conſider acids as burnt or oxygenated ſubſtances, which are 
akin to each other from the preſence of the acidifying. principle. 

III. There are two methods of acquiring a knowledge of the 
nature of acids : One by forming them, by compoſing them from 
their conſtituent parts, in uniting with oxygen ſuch ſubſtances 
as are capable of becoming acid by an union with it : 'The other 
by decompoſing them, by unburning them, in depriving them of 
their oxygen by the aid of ſubſtances with which this principle 
has great affinity. 

IV. Conſidered in the laſt mentioned view, all known acids 
may be divided into three claſſes, namely, 1ſt, Thoſe which may 
be both compoſed and decompoſed, of which our knowledge is 
moſt complete : 2dly, Thoſe which we can only compoſe, being 
incapable of decompoſing them; and with theſe alſo we are well 
acquainted : 3dly, Thoſe which have never yet been either com- 
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poſed, or decompoſed the nature of which remains altogether 
unknown. 

V. Since, out of thirty known ſpecies of acids, as there are 
but three, ſtrictly ſpeaking, which are in the laſt ' predicament, 
or which we can neither compoſe nor decompoſe, ſo that we are 
neceſſarily ignorant of their nature, there is no reaſon why we 
ſhould not regard ſubſtances of this kind as accurately diſcrimi- 


nated, and contemplate their general properties and compoſition. 


VI. All acids being compounds of oxygen with different ſub. 
ſtances, the former principle is the cauſe of their reſemblance 
and common properties ; the latter, being different in each, may 
ſerve to characterize each in particular. For this reaſon, thoſe 
matters which are variable in acids are termed their radicals, or aci- 
diſiable principles. 

VII. Thus all acids are combinations of radicals, or acidifi- 
able ſubſtances, different in each ſpecies, with oxygen, which is 
the ſame in all : Whence it follows, that their common proper- 
ties, their charaCters as acids, depend on oxygen; their particu- 
lar properties, their ſpecific characters, ariſe from their radicals. 

VIII. The word acid, indicating the general and identical na- 
ture of theſe ſubſtances, forms their generical name, while the 
particular name of the radical contained'in each may with pro- 
priety defignate each particular acid. 'Thus ſulphur is the radi- 
cal of the acid we name ſulphurie, phoſphorus that of the phoſe 
phoric, carbon that of the carbonic, and ſo on. | 

IX. Though this nomenclature enjoys the as of ex- 
preſſing the nature of each acid, we are unable to employ it for 
all, becauſe the radicals of ſome are unknown, and thoſe of others 
are themſelves compounded of ſeveral principles, and would con- 
ſequently require too complicated appellations. 

X. Acidifiable radicals may contain different quantifies of oxy- 
gen, and under this point of view they poſſeſs two ſtates of acidity. 
The firſt is that, in which they contain the leaſt poſſible quantity 
of oxygen to render them acid. In this their acidity is common- 
ly weak, and they adhere but feebly to the baſes with which they 
are capable of forming ſalts. The modern methodical nomencla- 
ture deſignates this ſtate of combination and acidity, by giving 
the names of theſe weak acids the termination ows. Thus we ſay 
the ſulphurous, nitrous, phoſphorous, or acetous acid. The ſe- 
cond ſtate of acids is that, in which they contain more oxygen, 
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and in general are completely ſaturated with it. In this they 
have all the ſtrength and attraction they are capable of poſſeſſing 
as acids, and the modern nomenclature expreſſes it by the termi- 
nation ic. Thus we fay the ſulphuric, nitric, phoſphoric, or ace- 
tic acid. 

XI. With regard to the proportion of oxygen united to acidi- 
fable radicals, ſtill greater latitude may be given to the conſidera- 
tions preſented in the foregoing paragraph. Each radical may be 
contemplated in four ſtates : 1ſt, Containing very little oxygen, 
not ſufficient to impart to it the nature of an acid, and in this it 
is nothing more than an oxyd : Such is ſulphur coloured red or 
brown, by expoſure to the air, and a degree of heat inadequate 
to produce inflammation ; when it is oxyd of ſulphur : 2dly Con- 
taining more oxygen than in the preceding caſe, and enough to 
become an acid, though weak; as in the ſulphurous acid: 3dly, 
Poſſeſſing ſtill more oxygen than in the ſecond inſtance, and hav- 
ing acquired powerful acid properties: Such is the ſulphuric 
acid: Athly, Conjoined with a larger doſe of oxygen than is ne- 
ceſſary to conſtitute a powerful acid, an acid in ic; when it is 
termed an oxygenated acid, or even ſuperoxygenated. | 

XII. From the conſiderations above enumerated, it follows, 
that we have two modes of forming at will acids with different 
proportions of oxygen. One is, to combine the radicals with 
ſuch determinate quantities of oxygen as are neceſſary to convert 
them into the ſtate required, as is done with ſulphur, phoſphorus, 
or arſenic : The other to extract from acids containing the great- 
elt poſſible quantity of oxygen, different proportions of this prin- 
ciple, by means of combuſtible ſubſtances which abſorb it with 
great avidity. 

XIII. The latter induc; founded on the affinity of oxygen 
for different combuſtible ſubſtances, is frequently employed with 
ſucceſs for the complete decompoſition of acids, by depriving 
them of all the oxygen they contain. It is in this way, that acids 
inflame combuſtible ſubſtances. To produce this effect it is ſuf- 
ficient, that the acids employed do not contain oxygen in a ſtate 
of ſolidity, and that the inflammable matter brought into contact 
with it will abſorb it in a more ſolid ſtate than that in which it 
ſubſiſts in the acid. But theſe conditions being requiſite, inflamma- 
tion by no means takes place in all decompoſitions of acids by 
combuſtible ſubſtances. 
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XIV. Hot charcoal is ſucceſsfully uſed to decompoſe all acids 
ſuſceptible of decompoſition ; but it is not the only combuſtible 
ſubſtance, that will anſwer the purpoſe ; for moſt metals, phoſ- 
phorus, ſulphur, and hydrogen in a dry and ſolid ſtate, as it exiſts 
in vegetable compounds, poſſeſs the ſame property. 

XV. All the acids, the ſpecific nature of which 1s i to 
their particular radicals, as has been already ſaid, may be divided 
into four claſſes, according to the nature of their baſes being 


known or unknown, ſimple or compound. 


A. The firſt claſs includes acids with known and 0 radi- 
cals, or ſuch as are formed by the union of indecompoſable com- 
buſtible ſubſtances with oxygen. Its ſpecies are the following: 
Sulphuric acid, nitric. acid, carbonic acid, phoſphoric acid, ar- 


ſenic acid, tungſtenic acid, and molybdenic acid. 


B. The ſecond claſs compriſes acids with radicals that are un- 
known, but ſtrongly ſuſpected of being ſimple. In it may be 
reckoned the muriatic acid, ffuoric acid, and boracic acid. 

C. In the third claſs I rank acids with binary compound radi- 
cals. Such are all the vegetable acids, the common radical of 
which 1s a compound of hydrogen and carbon. In this claſs the 
ſuccinic acid ſhould alſo be placed. 

D. To the fourth laſs belong all acids of which the radicals 
are at leaſt triple compounds. In this are comprehended the 
animal acids, the radicals of which are combinations of carbon, 
hydrogen, and azot. | 

XVI. Not. only 1s each of the claſſes in the atoeding ſection 
diſtinguiſhable by general characters inherent in it, but each in- 


dividual acid alſo poſſeſſes properties, by which it is characteriz- 


ed, and which prevent its being confounded with any other. 


And theſe properties may even be denoted by ſimple and eaſy ex- 


preſſions, by phraſes ſimilar to thoſe which naturaliſts have learnt 


from Linnæus to employ. A ſketch of this method wil be ex- 


hibited in the following ſections. 

XVII. All acids with ſimple and known radicals are capable 
of being decompoſed by combultible bodies, which they burn 
with more or leſs rapidity, and are thus reduced to their radicals. 
It is even by means of this decompoſition, that the nature of 


their radicals becomes known. We can alſo form them from 


their conſtituent principles, by uniting their radicals with oxygen. 
Acids with unknown radicals, which are ſuſpeQed of being 
| 2 
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ſimple ſubſtances from ſtrong analogy, have no other claſſic cha- 
ractei than thoſe of being inſuſceptible of decompoſition by 
means of combuſtible ſubſtances, and incapable of being. form- 
ed by art. 5 

Acids with binary radicals, or vegetable acids, are diſtinguiſh- 
able by the following characters. 1. They are all decompoſable 
by a ſtrong fire and a ſufficient addition of oxygen. 2. In this 
decompoſition they afford water and carbonic acid, formed by 
the disjunction of their 2 and carbon, each of which 
unites ſeparately with a porfion of the oxygen. 3. They are de- 
compoſed ſpontaneouſly and ſlowly in a temperature above 532, 
if diſfolved in water. 4. They cannot be decompoſed by any 
known combuſtible body, their radical being compounded of two 
ſubſtances which have the ſtrongeſt attraction for oxygen of any 
with which we are acquainted. 5. They are convertible into 
each other; which is owing to the difference between them con- 
ſiſting ſolely in the proportion of their three conſtituent prin- 
ciples. 

Aids with ternary radicals, and thoſe which are ſtill more 
compound, or animal acids, though the leaſt known of all, poſ- 
leſs ſome properties which may be deemed claſſic characters. 
Such are thoſe of affording ammoniac when decompoſed by fire, 
and furniſhing pruſhc acid on the proportion of their principles 
being changed. 

XVIII. To theſe claſſic characters their ſpecific characters 
muſt be added, attempting a language analogous to that of the 
botaniſt and zoographer. 


Acids of the firft claſs, or with ſimple and known radical. 
A. Sulphuric acid, formed of ſulphur and oxygen by the com- 


| buſtion of ſulphur, inodorous, twice as heavy as water, very cauſ- 


tic, leſs volatile than water, affording ſulphurous acid gas and ſul- 


? phur on being decompoſed by red-hot charcoal, metals, &c., and 
iorming ſulphats with earths, alkalis, and metallic oxyds. 


B. Sulphurous acid, having a powerful ſmell, very volatile, 


| gaſeous, deſtructive of blue vegetable colours and removing ſtains 
| produced by theſe colours on white, gradually attracting oxygen 


irom the air, and ſeveral acids or oxyds, and forming ſulphits | 


Vith earthy and alkaline baſes. 


C. Nitric acid, liquid, white, cauſtic, of a ſtrong and nau- 
Vol. J. C 


2 


IT. ——— 
— — hs 


77 ——„—„— orange et * - 
— — 


— 
——_ * tu 
Fr * bg 51 


, 


34 PHILOSOPHY OF CHEMISTRY. 


ſeous ſmell, formed of azot 18 oxygen, inflaming ſulphur, 


charcoal, zinc, tin and oils, yielding to combuſtible bodies ya- 
rious portions of oxygen, and thus giving birth to nitrous acid, 
nitrous gas, or nitrous oxyd, deſtroying colours, burning and 
turning yellow vegetable and animal ſubſtances, converting them 
into acids, decompoſing ammoniac, produced by putrefying ani- 
mal matter, forming nitrats with earths and alkalis, remaining 
ſlightly united with metallic oxyds, and tending to acidify them. 

D. Nitrous acid, the ſame as nitric acid, except in having a 
ſmaller portion of oxygen, red or orange coloured in the ſtate of 
gas, very volatile, depriving vegerables of colour, becoming blue 
and green on the addition of water, turning yellow nitric acid, to 
which it 1s united in different proportions, yielding nitrous gas 


on the contact of combuſtible ſubſtances, and forming nitrits 


with earths and alkalis. | 
E. Carbonic acid, formed of twenty-eight parts of carbon with 


ſeventy-two of oxygen, a gas heavier than air and diſplacing it, 


| filling ſubterraneous cavities, diſſengaging itſelf from liquors in 


a ſtate of vinous fermentation, extinguiſhing lighted candles, kil- 


ling animals, reddening only light vegetable blues, precipitating 
chalk from lime-water, re-diſſolving the chalk in the water, mi- 


neralizing acidulous waters, baryt, lime, copper, iron, and lead, 
in quarries and mines, forming carbonats with earths, alkalis, 
and metallic oxyds, decompoſable by phoſphorus alone, and when 


it is united to alkaline — particularly ſoda in the ſtate of car- 


bonat. - 
F. Phoſphoric acid, pin of phoſphorus and oxygen unit- 


ed by rapid and complete combuſtion, liquid, denſe, or ſolid, 
vitrifiable by means of fire, diſſolving filex in the act of vitrifica- 
tion, decompoſable by carbon which reſtores it to the ſtate of 
phoſphorus, and forming phoſphats with n alkalis, and 
metallic oxyds. 

SG. Phoſphorous acid, differing from the phoſphoric only in 
containing leſs oxygen, volatile, odorous, eliciting oxygen from 
various bodies, and forming phoſphits with earchy, alkaline, and 
metallic baſes. 

H. Arſenic acid, formed of the metal eulled arſenic and oxy- 
gen *, fixed, fuſible into a glafs, decompoſable by means of a 


— 


Combuſtion reduces arſenic to an oxyd only; nitric acid, or oxygenated mu- 


riatic acid, adds to this oxyd the quantity of oxygen neceſſary to convert it into 


— 
arſcnhic acid. - 
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large quantity of light and caloric, as well as by ſeveral combuſ- 
tible ſubſtances, and forming arſeniats with earths, alkalis, and 
metallic oxyds. Oxyd of arſenic, being alſo capable of uniting 
with theſe baſes, may be conſidered as a fort of arcenious acid. 

J. Tungſtenic acid, compoſed of the, metal called tungſten. and 
oxygen, a white or yellowiſh powder, fixed, infuſible, difficultly 
ſoluble, reducible to tungſten by means of hydrogen, carbon, &c. 
forming the native tungſtat of lime called /apis pondergſus, and 
the native tungſtat of iron, or wolfram of mineralogiſts. 

K. Molybdenic acid, compoſed of the metal named molybde- 
na and oxygen, of a rough taſte, metallic like the two preced- 
ing ſpecies, in a white powder, becoming blue on the contact of 
ſuch ſubſtances as reduce it, and in conſequence of the loſs of 
oxygen returning to the ſtate of molybdena. 
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Acids of the ſecond claſs, or with unknown radicals. 


XIX. There are three acids, the radicals of which are un- 
known, though ſuſpected to be ſimple : The muriatic, fluoric, 
and boracic. | 

A. Muriatic acid, gaſeous or fluid, of a pungent ſmell, unal- 
terable by any known combuſtible ſubſtance, on the contrary at- 
tracting oxygen from ſeveral burnt bodies, particularly from me- - 
tallic oxyds, and thus becoming oxygenated muriatic acid. The 
oxygenated muriatic acid is remarkable for its greeniſh yellow co- 
lour, its action on the organs of animals which it thickens and 
contracts, its properties of diveſting vegetable ſubſtances of co- 
lour, burning and inflaming moſt combuſtible ſubſtances, and 
forming with potaſh a ſalt, which rapidly ſets fire to heated in- 
flammable ſubſtances, and affords the pureſt vital air known. 

B. Fluoric acid, gaſeous, forming a very thick white vapour 
in the air, corroding glaſs, diſſolving ſilicious earth, and form- 
ing with this earth a permanent gas, from which water ſeparates 
4 part of the filex. 

C. Boracic acid, dry, cryſtalized in hexædral laminæ, fuſible 
into a glaſs, poſſeſſing little taſte, difficultly ſoluble, melting with 
flex, having very feeble affinities, and reſigning N or alka- 


2 
es | 
1:69 
9 
or: + 
F ie 
. 
5 
og 

2 „ 

= 
7 

7 


line baſes to almoſt all other acids. | i 
| Acids of 460 third claſs, er with binary radicals, | N 
XX. Acids with binary mixed or compound radicals belong ; 
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particularly t to the weertable kingdom, and are formed by the 
union of carbonated hydrogen or hydrogenated. carbon with oxy. 
gen in different proportions, which accounts, as has already been 
ſaid, for their reciprocal converſion into each other. Theſe acids 
being pretty numerous, and capable of becoming {till more ſo by 
daily diſcoveries, I have divided them into five genera, in which 
I have regard to their nature and formation. The firſt genus in- 
cludes the pure acids formed in vegetables, reckoning amongſt 
theſe the ſuccinic acid, which is manifeſtly of vegetable origin. 
In this there are five ſpecies : The ſuccinic, citric, gallic, malic, 
and benzoic acids. The ſecond compriſes vegetable acids perfectly 
formed, but partly ſaturated with potaſh. Of theſe, which are 
termed aſcidules, there are two ſpecies, the tartarous and oxalic, 
In the third genus I claſs the particular acids formed by the agen- 
cy of the nitric acid, and the precipitation of its oxygen upon 
vegetable ſubſtances. We have yet but one diſtinct ſpecies in 
this genus, the camphoric acid ; though the oxalic and malic acids 
are frequently formed by treating vegetable ſubſtances with the 
nitric acid. In the fourth genus I place the acids formed in ve- 
getables treated with fire. Such are the pyromucous, pyrolige- 
nous, and pyrotartarous acids. The fifth genus comprehends ve- 
getable acids produced by fermentation, of which we are ac- 
quainted with only one, the acetous. The following are the 
ſpecific characters of the twelve acids here enumerated. 

A. Succinic acid, diſengaged and ſublimed from heated am- 
ber, of a ſtrong bituminous ſmell, oleaginous and inflammable, 
volatile, cryſtallizable in the ſhape of needles, forming perma- 
nent cryſtallizable ſalts, particularly with metallic oxyds, and 
adhering more forcibly to the three alkaline earths than to alka- 
lis, | TS 
B. Citric acid, cryſtalizable in rhomboidal laminæ, not convert- 


ble into oxalic acid by means of the nitric, having more affini- 


ty to earths than to alkalis, and {pontancoully decompoſable in 
water, and by the action of fire. | 

C. Gallic acid, abounding in galls, cryſtallized 1 in little gray 
or yellowiſh needles, ſtyptic, precipitating iron black from its 
lolutions, reducing metallic oxyds united to ether acids, and 


convertible into oxalic acid by means of the nitric. 
D. Malic acid, abounding in apples, not cryitallizable, con- 


vertible into oxalic acid by means of the nitric, and forming at 
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the ſame time with the malic acid, and even before it, in vege- 
tables treated by the nitric acid. | 

E. Benzoic acid, obtained I benzoin, ſtorax, balſam of 
Peru, vanilla, and cinnamon, by means of . heat, cryſtallizable 
into compreſſed priſms, of an aromatic ſmell when warmed, fu- 
ſible by a gentle fire, volatile, inflammable, little ſoluble in wa- 
ter, ſoluble in the nitric acid, but not decompoſable by it. 

F. Tartarous aſcidule, formed of tartarous acid partly ſaturat- 
ed with potaſh, exiſting in wine, cryſtallizable, decompoſable by 
fire, affording a conſiderable quantity of carbonic acid and oil, 
and leaving behind much carbonat of potaſh, yielding alſo on 
diſtillation pyrotartarous acid, little ſoluble, decompoſable in wa- 
ter, forming triple ſalts with alkalis and metallic oxyds, and be- 
coming very ſoluble by the addition of borax or boracic acid. 
The tartarous acid, obtained from the aſcidule, is cryſtallizable 
in needles interwoven amongſt each other, unalterable in the air, 
very ſoluble, forming anew the acidule by the addition of a lit- 
tle potaſh, decompoſing the ſulphats, nitrats, and muriats of 
potaſh and ſoda, till they reciprocally form acidules, and con- 
vertible into oxalic acid by means of the nitric. | 

G. Oxalic acidule, formed of oxalic acid partly ſaturated with 
potaſh, extracted from the juice of ſorrel, cryſtallized in paral- 
lelopipeds, little decompoſable by fire, affording no oil, little 
ſoluble, and forming triple ſalts with earths and alkalis. The 
oxalic acid extracted from it is very ſoluble, and very cryſtalliz- 
able, attracts lime from all other acids, perfectly reſembles that 
which is formed from all vegetable ſubſtances by the contact of 
nitric acid, and is the leaſt decompoſable and maſt oxygenated of 
the vegetable acids. 

H. Camphoric acid, produced by diſtilling camphor with 
nitric acid, cryſtallizable in parallelopipeds, forming perfectly 
cryſtallizable ſalts with earths and alkalis, and not attracting 
lime from all the other acids as oxalic acid does. This acid is 
very little known. 

I. Pyrotartarous acid, a modification of the tartarous acid pro- 
duced by fire, of an empyreumatic ſmell, and burnt colour, very 
rarefiable and ſwelling up greatly with caloric, not cryſtallizable, 
and forming with earthy and alkaline baſes, ſalts different from 
thoſe afforded by the tartarous acid. With this acid we are but 


little acquainted. 
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K. Pyromucous acid, formed by the diſtillation of gums, ſugar, 
or feculz, poſſeſſing very powerfully the agreeable ſmell of 3 
lozenge, volatile, colouring vegetable and animal ſubſtances, red 
and decompoſable by a ſtrong fire. This alſo is little known. 

L. Pyroligneous acid, extracted from wood by diſtillation, of 

2 pungent fetid ſmell, not cryſtallizable, decompoſable by a 
ſtrong fire, volatile, forming peculiar ſalts with earths, alkalis, 
and metallic oxyds, and having particular attractions for theſe 
baſes, but in other reſpects we are as little acquainted with it as 
with the two preceding acids, 

M. Acetous acid, formed by the fermentation of wine, on 
which account it is called vinegar, of an agreeable ſmell and 
taſte, volatile and liquid, decompoſable by a ſtrong fire, capable 
of being ſurcharged with oxygen when diſtilled with metallic 
oxyds, and thus becoming acetic acid, or radical vinegar, which 
is more acrid and odorous than the acetous acid, ne 


and mixed with alcohol. 


Acids of the fourth claſs, or - with ternary radicals, 


XXI. Acids with ternary compound radicals, which were 
ſpoken of aboye as formed in general of carbon, hydrogen, and 


azot, united with oxygen, appertain more eſpecially to animal 


ſubſtances. With theſe we are ſtill leſs acquainted than with the 
preceding acids : But recalling here to the reader's mind, that 
they all furniſh ammoniac on being decompoſed by the aCtion of 


fire, and pruſſic acid on a change in the proportion of their prin- 


ciples, I ſhall remark, that the pruſſic acid ſeems to be to theſe 
acids in general what the oxalic is- to vegetable acids, and add, 
that on converting animal ſubſtances into oxalic acid by the 
agency of nitric acid, pruſſic acid is: conſtantly formed during 
the operation, and evolved in the ſtate of yapour. 

| There are ſeven animal acids known, all of which appear to 
belong to this claſs of compounds, namely, the lactic, ſaccho- 
lactic, ſebacic, lithic, formic, bombic, and pruſſic acids. In 
each let us ſeek for a few characteriſtic properties. 

A. Lactic acid, formed, with a little acetous acid, in milk 
ſpontaneouſly ſoured, not cryſtallizable, ſoluble in alcohol, afford- 
ing on diſtillation an acid analogous to the pyrotartarous, forming 
deliqueſcent ſalts with earthy and alkaline baſes, and decompo- 


ling anne acetits. . R 
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B. Saccholactic acid, precipitating as a white powder from 
oxalic acid formed by ſugar of milk and nitric acid, little ſapid » 
ſcarcely at all ſoluble, decompoſable by fire, when a ſalt reſemb- 
ling benzoin in ſmell ſublimes from it, and forming eryſtallizable 
ſalts with alkalis. This is very little known. 

C. Sebacic acid, obtained from fat by the action of fire, ſepa- 
rated from it alſo by alkalis and hme with the athſtance of a 
ſtrong heat, liquid, white, ſmoking, very acrid in taſte and 
ſmell, forming cryſtallizable aad fixed ſalts with earth and the 
alkalis, decompoſing muriat of mercury, and decompoſable by 
a ſtrong heat. 

D. Lithic acid, exiſting in human urine, forming the ſtone in 
the bladder, dry, cryſtallized in flat needles, almoſt inſipid and 
inſoluble, in part volatile, decompoſable by a ſtrong heat, afford- 
ing ammoniacal carbonat and pruthe acid by the agency of fire, 
forming a beautiful red ſolution with nitric acid, ſoluble in cau- 
ſtic alkalis, and - precipitating of a gridelin or reddiſh colour 
from the urine of perſons labouring under fever.” 

E. Formic acid, obtained from ants by diſtillation or A 
fion with water, reddening blue flowers while in the living in- 
ſet, flying off in a very highly odorous vapour, in ſmell analo- 
gous to muſk, killing animals in this form of gas, capable of be- 
ing employed for the ſame domeſtic purpoſes as vinegar, decom- 
poſable by a ſtrong fire, taking oxygen from oxygenated muriatic 

acid, frequently ſtronger than ſulphuric acid, and forming cry- 
ſtallizable and not deliqueicent ſalts with earths and alkalis. 

F. Bombic acid, contained in a reſervoir near the anus of the 
chryſalis of the ſilk-worm, extracted from this reſervoir either by 
expreſſion or by means of alcohol, mingled with a brown oil 
and a gum while in the worm, liquid, of an amber yellow colour, 
decompoſable ſpontaneouſly, and affording pruſſic acid by means 
of diſtillation and nitric acid. In its combinations it is unknown. 

G. Pruſſic acid, ſaturating iron and colouring it in pruſſian blue, 
obtained at preſent by the diſtillation of blood, or the action of 
mtric acid on albumen, gluten, animal fibre, &c., and diſengaged 
in proportion as oxalic acid is formed, remarkable for a noxious 

fetid ſmell, analogous to that of bitter almonds, very decompoſ- 

able by a ſtrong fire, and then affording ammoniac, ſuſceptible 

of the form of gas, taking metallic oxyds from a great number of 

ether acids, capable of being artificially formed by the union of 
Cuy 
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hydrogen, carbon, azot, and oxygen, little acid in its taſte, and 


containing, as far as appears, very little oxygen. 

XXII. It follows, from what has been advanced in the pre. 
ceding ſections, that if acids be divided into two claſſes, diſtin- 
guiſhed by having imple or compound radicals, they will be found 
to differ principally in this circumſtance, that thoſe with ſimple 
radicals are not convertible into each other, becauſe the proper. 


ties of one ſimple radical, ſulphur for example, vary much from 
thoſe of another, ſuch as phoſphorus, whence it would be neceſ- 


ſary to begin with converting theſe radicals into each other, which 
is far beyond the power of art: The acids of the other claſs, on 
the contrary, being formed in general of a baſe compoſed of hy- 
drogen, carbon, and azot, united with oxygen, appear to differ 
from each other only in the proportions of the two or three prin- 
ciples which enter into the compoſition of their radicals, and of 
the oxygen united with theſe, have a tendency to undergo inceſ- 
ſant changes in their compoſition, eſpecially from variation of 
temperature, humidity, &c., and fpontaneouſly paſs into diffe- 
rent ſtates. Thus, from the mere efforts of vegetation, plants 
contain different acids at different periods of their growth : And 
thus ſolutions of vegetable acids in water change, alter their na- 
ture, and ultimately yield a certain quantity of carbonic acid and 
water, as they arrive at the laſt ſtage of decompoſition. 

XXIII. If we attend to theſe facts, it is eaſy to perceive that 
there {till remain to be diſcovered, not only the nature of ſeveral 
acids, with the compoſition of which we are unacquainted, but 
alſo perhaps a conſiderable number of new acids, in plants and 
animals. For among the productions of theſe organized beings, 
the principles of which we have only begun to inveſtigate, we are 
far from having exhauſted all the poſſible combinations of carbon, 
hydrogen, azot, and oxygen, as the moſt ſuperficial calculation 
will demonſtrate. To this order of inveſtigation and diſcovery, 
we mult refer the examination of the acids indicated in cork, 
gray-peaſe, and ſeveral other vegetable matters, as well as thoſe 
of the gaſtric juice, the coagulum of the blood, cruoric acid, &c. 
It will be perceived too, from the ſucceeding chapter, that moſt 
burnt metals ſeem to enter into the claſs of acids, and comport 
themſelves as theſe ſalts, in a great number of combinations : 59 
that acids appear to be the moſt numerous of all bodies, and per- 
form the principal parts in the chemical alterations, which both 
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d þmple and compound ſubſtances are deſtined inceſſantly to un- | 
dergo. | | 

? Application of the Propoſitions reſpeFing Acids 

d The artificial formation of a mores acid, by the combuſtion 

le of ſulphur in the great. 

A The diſcharging of colour from white linens and ſtuffs, by | 

n means of the ſulphurous acid. 

. The new art of bleaching, by means of the oxygenated mu- 

þ riatic acid. | 

n The theory of the aqua regia of the ancient chemiſts. 

2 The art of engraving on glaſs, by the fluoric acid. 

er One part of the theory of the formation of artificial nitre- 

1 pits. | 

of The exiſtence and formation of the known native acids. | 

C The influence of acids in mineralization. | 


The extraction and purification of vegetable acids and aci- 
dules. ule 3h 

The ſpontaneous formation and deſtruCtion of vegerabla acids. 

Their reciprocal converſion into each other, by vegetation, 
fermentation, &c, e 


CHAPTER VIII. 
OF THE UNION OF ACIDS WITH EAR THS Ax ALKALIS. 
I. Arr acids unite with alkalis and the alkaline earths, with- 


out being decompoſed. The combinations thus formed, have 
been called neutral, middle, compound, or ſecondary falts. To 


n, ME the firſt two of theſe names they have no claim, unleſs when they 
n mare neither acid nor alkaline ; The other two are more accurate, 
„ and of greater utility. All theſe ſalts are readily made by art; 
k, and nature exhibits a conſiderable number of them, particularly 


of thoſe the radicals of which are ſimple. Mineralogy is con- 

F tinually making new acquiſitions in this branch of knowledge, by Z 
the analyſis of minerals, which alone is capable of unfolding to 

us their intimate nature. 

Ill. Every compound ſalt ought to have a double name, one 

5 branch of which ſhould indicate its acid, the other its earthy or 

| alkaline baſe. The former has two different terminations an- 
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nouncing the ſtate of the acid. Words ending in at are employed 
when the ſalt contains an acid ſaturated with oxygen, which is 
denoted by the termination ic: Thus mtrats are formed by the 
nitric acid: And words ending in it, imply feeble acids, not fi- 
turated with oxygen; for which, as has been already obſerved, 
we uſe the termination ous : Thus the compounds of the nitrous - 
acid are nitrits. | 
HI. As there are thirty-four kinds of acids known, and ſeven 
earthy or alkaline baſes, which may be united to form compound 
ſalts, the number of theſe ſalts might be eſtimated at two hun- 
dred and thirty-eight ; but ſuch a calculation would be far from 
exact; for, 1ſt, There are only few acids capable of combining 
with ſilex; 2dly, There are others which cannot unite with cer- 
tain earthy baſes, on account of their weakneſs, or with ammo- 
niac without decompoling it; 3dly, There are ſeveral acids which 
may be united to the ſame baſes in three ways, or remain at three 
different points of ſaturation with theſe baſes ; namely, with ex- 
: ceſs of acid, with exceſs of baſe, and exactly neutralized. Thus 
we are far from being able to determine with accuracy the num- 
ber of earthy and alkaline compound ſalts; becauſe we are far 
from having ſufficiently examined all theſe combinations, to at- 
tain a perfect knowledge of them, and aſſure ourfelves whether 
they be not ſuſceptible of ſeveral degrees of ſaturation, &c. 
IV. All the acids poſſeſſing different elective attractions or af- 
ſinities for each alkaline or earthy baſe, it is neceſſary to be fully 
acquainted with the whole of theſe reſpective affinities, before 
we can have a complete hiſtory of compound ſalts ; and as a ve- 
ry few only of theſe affinities have yet been determined with ac- 
curacy, we are far from poſſeſſing the general maſs of facts that 
relate to this order of bodies. Indeed, one-tenth of theſe com- 
binations has not yet been duly inveſtigated. 

V. To begin the hiſtory of compound ſalts methodically, we 
muſt divide them into genera and ſpecies, and fix their generic 
and ſpecific characters. As this branch of the ſubject has not 
yet occupied the attention of chemiſts, a ſlight ſketch of it is all 
that can be given; though, in the preſent ſtate of ſcience, it 1s 

: eſſential to employ the method of botaniſts, in the enunciation of 
chemical properties. 

There are two methods of dividing compound ſalts, to which 
recourſe might be had; the one founded on their acids, the other 
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on their baſes : At preſent, however, it is from the acids only we 
can eſtabliſh genera comprehending the whole of theſe ſalts, for 
they alone are capable of furniſhing generic characters; the in- 


fluence of the baſes on the properties of theſe compounds, not be- 


ing ſufficiently known, to enable us to conſider theſe earthy and 
alkaline ſubſtances, as the heads of the generical diviſions. 
VI. Thus we may reckon thirty-five genera of compound ſalts, 


according to the number of the acids; and the generical names 


being taken from their acids, we have for theſe thirty-five genera, 
the following denominations :;— | 


Genus I. . „ OULPHATS. 
Genus II. : - SULPHITS. | 
Genus III. Mrs. | 
Genus IV. s - NrTRITS. 
Genus V. - | o« CarBonars. 
Genus VI. ; - ProgpnaTs. 
Genus VII. - »  Prosrnrrs. 
Genus VIII. : . ARSENIATS. 
Genus LX. 1955 * ARSENITS. 
Genus X. R . "TouxGsTATS. 
Genus XI. - - » MorLyBpars. 
Genus XIE. A - Muriarts. | 
Genus XIII. a - OxvGEnaTED MURIATS. 
Genus I.... L 
Genus XV. „„ © 
Genus XVI. 4 * O9UCCINATS. 


Genus XVII. . „ 
Genus XVII. - GarLarts. 


Genus XX. . Marars. 
Genus XX. . - B ENZZ OA Ts. 
Genus XXI. : - TarTrITs. 5 


Genus XXII. A 
Genus XXIII. „ Caurfok Ars. 
Genus XXIV. . PuxRoMucrrs. 
Genus XXV. . PæxROLICNI TS. 
Genus XXVI. .. PyroTARTRITS. 

Genus XXVII. „ ActTATS. 
Genus XVIII. »__ ACETITS. 

Genus XXIX. 8 la 
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Genus XXX. „„ © S&cCCHOLATS: 
Genus XX XI. : » SEBATS. 
Genus XXXIE . . Lrrmars. 
Genus XX XII . . FormiarTts. 
Genus XXXIV. . - Bomniars. 
Genus 1 : ; PRUSSIATS. 


"WH. Each « of the thirty-five genera of compound ſalts above 
enumerated ſhould be conſidered with reſpect to its difcriminatiye 
characters, or thoſe qualities which are ſufficient to diſtinguiſh it, 
and give an accurate idea of its difference from all others. For 
this purpoſe, out of the properties diſplayed by it, one, if poſſible, 
or at moſt two or three, ſhould be ſelected, of prominent fea- 
tures, and conſtituting an eſſential character of each genus. 1 
ſhall now attempt a ſketch of this ſort. 

Genus I. SULPHATS : m nn, by . &. into 
ſulphures. 

Genus II. SuLeniTs : Yielding the fmell of bing ſulphur 
on the contact of almoſt all acids, with efferveſcence. 

Genus III. NitraTs: Accending combuſtible bodies at dif- 
ferent temperatures, and almoſt all of them reducible to their 
baſes by the action of fire. 

Genus IV. NitzrTs : Decompoſable 178 weak acids, whick 
ſeparate from it red nitrous yapour. 

Genus V. CarBoNnaTs : Leaving the . of their baſes 
more or leſs prominent; and producing with all acids a briſk and 
ſenſible efferveſcence, till their carbonic acid is completely evolved. 

Genus VI. Prosenars : Decompoſable mediately or imme- 
diately by charcoal, which ſeparates from them the phoſphorus. 

Genus VII. ProseniTs : All decompoſable immediately by 
charcoal, which ſeparates from them the phoſphorus ; and emit- 
ting vapours on the contact of ſulphuric acid, &c. 

Genus VIII. ARSENTATS: Affording, on the contact of red 
hot charcoal, the ſmell and white vapour of arſenic; and not 
decompoſable by acids alone, unaſſiſted by a double affinity. 

Genus IX. ArsEvIts : The arfenious acid is ſeparated and 
precipitated from their folutions by the Wen of all the acids, 
even of the arſenic acid. 

Genus X. TUxGSTATS : n yellow on the addition of 
nitric or muriatic acid. 
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Genus. XI. MoLYBDATS:: Not yet diſtinguiſhable. till the mo- 
ybdenic acid is ſeparated from them by other acids, and in con- 


5 | ſequence of the characters exhibited by the molybdenic acid. 


Genus XII. Muriats : Affording muriatic acid by means of, 


| concentrated ſulphuric acid, and NOTE muriatic acid when 


ated upon by the nitric. | 
Genus XIII. OxYGENATED nn Ass all com- 


5  buſtible bodies at a lower temperature than they are kindled by 


nitrats, with a more vivid flame, and remaining in the ſtate of 


: 5 muriats after the combuſtion is ended. 


Genus XIV. FLuars: Yielding a vapour that corrodes glaſs, 


on the contact of concentrated ſulphuric acid. 


Genus XV. BoraTs: Fuſible, with or without cn 44 
their baſes; and affording, when another acid is united with 


their ſolution, boracic acid in foliated cryſtals. 


Genus XVI. SUccinaTs : Theſe are not to be known or cho. 


£ racterized but by decompoſing them, and obſerving their acid: 
* Moſt of them retain the ſmell of burnt amber. 


Genus XVII. CirraTs : Not ſufficiently known for v us to find, 


in them generic characters: To diſtinguiſh them, the citric acid 


muſt be ſeparated by the moſt powerful mineral acids. 
Genus XVIII. GaLLaTs : All ſtrongly characterized by their | 


7 property of precipitating iron black from its ſolutions, and partly 
reducing the oxyds of filver, gold, and mercury, in ſeparating 


them from the menſtrua in which they are diflolved. 5 
Genus XIX. MaLaTs : Almoſt all deliqueſcent: Not to be 
known but by obtaining their acid ſeparately by the aid of mine- 


|: | ral acids. 


Genus XX. BrxzoaTs : Aſcertainable on diſcerning the ſmell 


3 | of the benzoic acid, ſeparated by acids of greater power. 


Genus XXI. TARTRrrs: Sufficiently ftriking characteriſtics 
for dittinguiſhing theſe, are to be found in their tendency to com- 


. poſe triple ſalts, and acidules leſs ſoluble than either the pure 


acid, or the neutral ſalts which the tartarous acid forms with the 
lame baſes. 


Genus XXII. OxaLArs: May be characterized by their ten- 


J cency to form acidules of difficult ſolution, and their property of 


decompoſing all calcareous ſalts. 
Genus XXIII. Camenorats: Too little known to have gene- 


A ne characters aſhgned them: They are to be diſtinguiſhed by the 
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preſence of the camphoric acid, and _ $eebgnition of its pro- 


perties,. when ſeparated. 
Genus XXIV. PYROMUCITS : Similarly circumftanced with 


| ee 


Genus XXV. Prnorronrrs: The fame may be bid of theſe. 

Genus XXVI. PYROTARTRITS : : Theſe rank with the _ 
preceding genera. 

Genus XXVII. Ackrars: Yet too little e diſtinguiſhed 10 
acetits: Evolving, when decompoſed by mineral acid, a very 
ſtrong and pungent white vapour. 

Genus XXVIII. AcErrrs: All recognizable by their acid 
diſengaged by means of ſharper acids. 

Genus XXIX. Lacrars: Very little known: T heir acid, ſe- 


parated by others, can alone characterize them. 


Genus XXX. SAccnoLaTs: As the lactats: Unknown. 
Genus XXXI. SeBATs: Emitting the white vapour and acrid 
ſmell of ſebacic acid on the contact of the ſtrongeſt mineral acids, 
Genus XXXII. Lrrrars: The weakeſt of all falts in their 
attractions, being decompofable even by the carbonic acid. 
Genus XXXIII. Formats : Very little known, and recog - 
nizable only by means of their acid. 

Genus XXXIV. ne : Similarly circumſtanced with the 
formats. 

Genus XXV. Prvssrars : Complete characterized by cer 
property of forming pruſſian blue with ſolutions of iron. 

VIII. To determine the ſpeciſic characters of nearly two hun- 
dred and forty-five ſpecies contained in theſe thirty-five genera, 
they would require to be profoundly ſtudied, and in this reſpec 
ſcience is yet little advanced. While our knowledge is thus de- 
fective, it is of importance to indicate at leaſt the path we ought 
to purſue, to complete the hiſtory of theſe compounds, and to 


afcertain with preciſion the method of inveſtigating their pro- 
perties.. 


Each compound earthy or Aline falt preſents to our obſerva- 
tion, 

Att, Figure, and the varieties of chat fipure. This ought to 
be deſcribed geometrically : The inclination and degrees of its 
angles, the primitive formation of the cryſtals, the interior form, 
their diſſection, and the laws of decreaſe which determine thei 
varieties, ſhould be detailed. | 
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2dly, Its exiſtence by art or nature, with a compariſon 4 the 
native and artificial falt. : 

Zaly, Taſte. 

athly, The action of fire ; whether it be null, fuſing, vitrify- 
ing, ſubliming, or decompoſing; &c. | 

5thly, That of light. 

6thly, The influence of the air; whether it be null, or impart 
water to the cryſtals, or elicit water from them. _ | 

-thly, The union with water, the quantity neceſſary to „ didlo 
lution at different temperatures, the caloric abſorbed or evolved, 
the cryſtallization produced by refrigeration or evaporation, 

8thly, The attraction of earths which modify the ſalt, decom- 
poſe it, produce no * in it, or unite with it to form a tri- 
le ſalt. 
f gthly, The effect of alkalis on it; W null Joreuciiiing, 
or ſometimes combining with it, ſo that a triple falt is formed. 

rothly, The comparative action of acids different from that 


which it contains, decompoſing the ſalt, changing its nature, or 


producing in it no alteration. 

Irthly, The operation of other neutral ſalts on it; which may 

produce a complete union, forming a triple ſalt; a double decompo- 

ſition, by an interchange of acids and baſes; a precipitation, in 

conſequence of their attraction for water; or no alteration whateyer. 
12thly, The diſſolubility or indiſſolubility of the ſalt in alcohol. 
13thly, Its alterability or unalterability by means of charcoal, 

which may diſcompoſe its acid, or leave it untouched.” 

14thly, The influence of vegetation and fermentation on the 


15thly, and finally, Its action on the animal economy. 

IX. If all theſe queſtions were anſwered with preciſion, in the 
preſent ſtate of chemiſtry, the hiſtory of earthy and alkaline com- 
pound falts would not only be complete, but would throw con- 


ſiderable light on various phenomena of nature and art, which 


ſtill remain plunged in great obſcurity. 

X. Some ſaline combinations of an acid with two baſes, par- 
ticularly magneſia and ammoniac, are already known: Theſe com- 
pounds bear the name of. triſules, or triple ſalts; but a far greater 
number exiſts, of which we are not ſufficiently away and which 
demand all the attention that can be paid them by chemiſts. The 
earth conceals, both at its ſurface and in its ſuperficial cavities, 
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faline compounds differing from thoſe which art produces by the 
ſimultaneous exiſtence of two baſes, or even of two acids: Borat 
of lime and borat of magneſia have already been found cryſtal. 
lized together in cubic quartz, phoſphat of lime, and fluat of lime, 
in the earth of Marmaroch and the Eſtremadura ſtone, &c. 


Applications of the Propofutions in this C ors 


The knowledge of native falts. 

The cryſtallization and purification of uſeful ſalts. 

The phenomena of ſolutions. 

The precipitation and preparation of alumin, magneſia, &c. 

The attraction of lime, potaſh, ſoda, and ammoniac for acids. 
The formation of neutral ſalts by nature. 

All the details of halotechny. 
Ihe preparation of the nitric, muriatic, boracic, and ſeveral 


-- Ether acids. 
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CHAPTER IX. 


THE OXYDATION AND DISSOLUTION OF METALS. 


I. Mxrals have already come under conſideration in the ſixth 
chapter, as: indecompoſed or ſingle combuſtible bodies, and been 
characterized by their moſt ſtriking properties. But theſe general 
obſervations are not ſufficient : 'The important parts performed 
by theſe ſubſtances, in the phenomena of nature and the proceſſes 
of the arts, require, that they ſhould be ſeparately examined, and 
with ſufficient minuteneſs to recs, us to appreciate the whole of 
their influence. 

II. Though metals are capable of uniting in their metallic ſtate 
with each other, with ſulphur, with phoſphorus, with carbon, 
and with combuſtible ſubſtances in general, it is much more com- 
mon to ſee them combined with oxygen previous to their union 
with other bodies; or, in other words, for them to enter into the 
greater number of compounds of which they conſtitute a patt, 
it is neceſſary, that they firſt unite with oxygen, or be converted 
into the ſtate of burnt bodies. Accordingly, all the fingularphe- 
nomena diſplayed by metals in their combinations, and the changes 
of form they undergo, - are owing to their attraction for oxygen, 
and the different proportions in which they contain this principle. 
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m. Though there are various circumſtances under which metals 
may be united with oxygen, they may be reduced in general to 
three. The firſt is the contact of air, aſſiſted by caloric ; the 
ſecond is owing to the decompoſition of water ; the third, to that 
of acids. In this triple view the oxydation _ diſſolution " 
metals are here to be conſidered. 

IV. All metals heated in the air, and raiſed to a 8 
more or leſs high, are ſuſceptible of burning with a vivid flame, 
great heat, and a true deflagration, either previous or ſubſequent 
to their entering into fuſion: thus they abſorb oxygen in a ſtate 
of greater or leſs ſolidity: Thoſe which oxydate ſlowly, and with- 
out perceptible inflammation, equally diſengage light and caloric 
from the vital air, but in ſo ſmall a quantity at a time, * oy 
are not rendered ſenſible to our organs. 

V. Elevation of temperature favours the abſorption of the oxy- 
gen of the atmoſphere by metals, and renders the combination 
of this principle with theſe combuſtible bodies more ſolid. 

VI. While there are ſome metals which never burn in the air, 
except at a very high temperature, as gold, ſilver, and platina, 
there are others that burn at all temperatures, even the loweſt, 
and with great promptitude; as manganeſe, which oxydates, and 
falls into powder, in a few hours, on the contact of air ſeveral 
degrees below the freezing point. Some, as iron, copper, lead, 
burn ſlowly, and in the courſe of ſome months, in the ys even 
though cold. | 

VII. All metals m—_ their weight during this 833 


which does not take place without the contact of air, and conſe- 


quently abſorb a principle, the oxygen of the atmoſphere, with- 


but loſing any one. Neither the name of calcination, which was 
= given to this phenomenon, nor that of metallic calces, can be re- 


tained ; but inſtead of theſe have been ſubſtituted the terms of 
combuſtion and oxydation for the operation, and of metallic . 


do denote the metals thus burnt. 


VIII. The colours which metals diſplay in burning, or with 


which their flame is tinged, appear to be owing to the diffolution 


of the metallic molecules in the light that is evolved. Thus cop. 


per yields a green flame, &c. 


IX. Not only do all metals compared wich each other abſorb 


: different quantities of oxygen to ſaturate them in their combul-. 
© tion by the contact of air, but each metal conſidered ſeparately 
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abſorbs different proportions, and ſtops at various points of oxydz. 
tion, according to the degree of temperature to which it is raiſed, 
Thus tin, lead, copper, iron, change colour and aſſume the tints 


of the rainbow, at the firſt degree of fire to which they are er- 


poſed in contact with the air: Lead firſt becomes a gray oxyd, 
next yellow, and laſtly red : Mercury paſſes from black to white, 
from white to yellow, and from yellow to red: Iron, at firſt x 
black -oxyd, becomes next green, then brown, and ultimately 
white: Copper is at firſt a brown oxyd, from which it changes 
to blue, and its laſt degree at oxydation imparts to it a green 
colour. 

X. All metals differ in their attraction 15 oxygen. From ſome 
as gold, filver, &c., oxygen is elicited by means of light almoſt 
alone, or aſſiſted with a very ſmall portion of caloric ; others, as 
mercury, require for its ſeparation a great degree of fire, and much 
light ; while the greater number do not part with this principle, 
merely by the intervention of light and caloric. To decompoſe 
oxyds of the laſt deſcription, they muſt be heated 1 charcoal, 
which attracts from them their oxygen. 

XI. It is owing to this diverſity of attractive power 905 oxygen, 
that ſome metals are deprived of it by others, as ſilver and gold 
are by almoſt all the reſt, mercury by copper, copper by iron, &c. 
We are not yet perfectly acquainted with all theſe degrees of at- 
traction, but the preſent ſtate of our knowledge indicates the fol- 
lowing order of the metals, beginning with that of which the at- 
traction for oxygen is moſt powerful: — _ iron, tin, 
copper, mercury, ſilver, gold. 


XII. Various metals decompoſe water, and this the more ſen- 
fibly and rapidly the higher their temperature is raiſed, becauſe 
then the abundant quantity of caloric employed more forcibly 
attracts and diſſolves the hydrogen. Thus iron decompoſes water 
with great rapidity when it is of a white heat, though it requires 
a conſiderable time to effect its decompoſition at the higheſt tem- 
perature our atmoſphere ever attains. 

XIII. Iron, zinc, tin, and antimony, appear to be capable of 
decompoſing water: It is probable, too, that manganeſe, and 


even ſome other metallic ſubſtances, are equally capable of effect 


ing this purpoſe. This decompoſition is attributable to a ſtrong- 
er attraction for oxygen, than hydrogen poſſeſſes: Whence it 
Ae that Hydrogen completely decompoſes the oxyds of _ 


Es 


51 


which do not decompoſe water. But it is requiſite here to diſ- 
tinguiſh the different degrees of oxydation: For the oxyd of iron 
highly oxydated, or oxydated brown, is partly decompoſed by 
hydrogen, and reverts to the ſtate of black oxyd, becauſe iron 
is capable of iliciting oxygen from water only to that degree 
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which oxydates it black, and beyond this degree of oxydation 


decompoſes it no longer. 
XIV. All metals capable of ties water effect this 


operation with more eaſe and rapidity, when aſſiſted by the con- 


tact of a ſubſtance which has a great tendency to unite with 
their oxyds. Frequently even metals, like other combuſtible bo- 
dies, which alone would not decompoſe water, are rendered ca- 


pable of it by the preſence of ſome other ſubſtance, which acts 


by a prediſponent affinity. Thus almoſt all metals are enabled 


to effect the decompoſition of water by means of acids. 

XV. Metallic oxyds have this peculiarity in their combinations, 
that they ſeem, with regard to acids, to perform the functions 
of alkalis, or earthy and alkaline baſes; though, on the other 
hand, they are capable of uniting with earths and alkalis, as if 
they were a ſort of acids. Of the latter, indeed, there are fewer 


than the former ; and it is obſervable, that they which ſaturate . 


alkalis in the manner of acids, are in general thoſe to which oxy- 
gen moſt powerfully adheres, as antimony, lead, iron, and man- 
ganeſe. It has already been ſaid, in Chapter VI. that there 
are three metals which are truly acidifiable. | 

XVI. Metals cannot be diflolved by acids without being pre- 
viouſly oxydated : For this reaſon, ſuch metallic oxyds as are 
ſoluble in acids, diſſolve in them ſlowly, and without efferveſcence ; 
while metals themſelves cannot be diſſolved in the ſame men- 
ſtruum, without motion and efferveſcence being produced. 

XVII The efferveſcence occaſioned by the diſſolution of metals 
ariſes from this, that, in abſorbing oxygen, they take it from a 
principle which afſumes the form of gas, or elaſtic fluid. This 
principle proceeds either from the water, or from the acid, emy 
ployed in the proceſs, according as the one or the other is de- 
compoſed z and ſometimes it originates from both, when both 
are decompoſed at the ſame time by the metal. 

XVIII. Sulphuric acid thus decompoſed by metals, when in 
a concentrated ſtate, gives out ſulphurous gas; and nitric os 
nitrous gas. 
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XIX. Sulphuric acid diluted with water, greatly facilitating 
the decompoſition of the aqueous fluid by means of metals, evolves 
in this proceſs hydrogen gas: This is eminently the caſe in the 
diſſolution of iron or zinc by dilute ſulphuric acid. The phoſ- 
phoric acid acts nearly in the ſame manner as n ſulphuric with 
metals. 7 

XX. Nitric acid is not only * by ſeveral metals, but 
alſo admits tlie decompoſition of water at the ſame time. For 
this it ſuffices, that the metal diſſolved in it be extremely greedy 
of oxygen: Such is particularly tin. In this caſe, the hydrogen 
of the water, uniting with the azot of the nitric acid, forms 
ammoniac; for which reaſon theſe ſolutions afford no gas, and 
contain ammoniacal nitrat. Hence we underſtand how moſt ſo- 
lutions of the white metals in nitric acid evolve ammoniacal va - 
pours in the injection of quicklime. 

XXI. The muriatic acid, as it is incapable of being decom- 
poſed by combuſtible bodies, of itſelf diſſolves few metallic ſub- 
ſtances. It attacks only ſuch metals as poſſeſs ſufficient avidity for 
oxygen to decompoſe water: Accordingly, during the diſſolution 
of metals in the muriatic acid, hydrogen gas is always evolved. 

XXII. Not only is the muriatic acid incapable of being de- 
compoſed by metals, but it alſo poſſeſſes the property of attrad- 
ing oxygen from moſt metallic oxyds : in doing which it paſſes 
to the ſtate of oxygenated muriatic acid. To this ſtrong affini- 
ty for oxygen the muriatic acid owes its property of eafily diſ- 
ſolving metallic oxyds, on which account it is employed with 
ſucceſs for diſſolving the oxyd of iron, which other acids are un- 
able to attack. If metallic oxyds be ſurcharged with oxygen 
when we diſſolve them in muriatic acid, an efferveſcence ariſes, 
becauſe a part of the acid flies off in the form of oxygenated 
muriatic acid gas. If the oxyds be only at the proper point of 
oxydation for uniting with this acid, they diſſolve in it without 
any movement or efferveſcence, as falt or ſugar will in water. 

XXIII. The boracic and fluoric acids unite but feebly with 
metallic oxyds : They do not diſſolve pure metals, becauſe they 
are not decompoſable by them; but they enable water to oxy- 
date ſuch of them as have moſt affinity for oxygen. It is the 
ſame with the carbonic acid, which unites well with moſt me- 
tallic oxyds, and 1s often found combined with them in their 
native ſtate. 
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XXIV. Metallic acids are eaſily decompoſcd by very combuſ. 
tible metals: They unite very perfectly with their oxyds, and 
are frequently found thus combined in a native ſtate. | 

XXV. Acids of the vegetable and animal kind, or of which the 
radicals are formed by hydrogen and carbon, are not decompoſed. 
by metals; but they render water extremely decompoſable by them, 
and unite with metallic oxyds with conſiderable ſolidity. Many of 
them occaſion theſe oxyds to revert to the metallic ſtate. 

XXVI. The oxyds of metals cannot unite with acids, and 
{till leſs remain combined with them, unleſs they contain certain 
proportions of oxygen: If they have leſs than the determinate 
quantity, no union 11 take place 3 if more, N will ſeparate | 
from them. 

XX VII. Beſide this general truth, there is another of the 
ſame kind peculiar to each acid and each metal; which is, that 
they cannot remain reciprocally united, but within certain limits 


of oxydation, and theſe oftentimes very confined. There is a 


determinate proportipn of oxygen in the combination of an acid 


with a metallic oxyd. 


XXVIII. It is in conſequence of this Joon that metallic ſolu. 
tions expoſed to the air grow turbid, and form a precipitate, in 
proportion as the metallic oxyd, by abſorbing oxygen from the 
atmoſphere, becomes gradually inſoluble in the acid. This is 
the reaſon of the decompoſition, which the atmoſphere effects 
on moſt metallic ſulphacs and nitrats. 

XXIX. It even frequently happens, that metallic oxyds dif- 
folved in acids react by degrees on theſc ſalts, and take from 
them, though in cloſe veſſels and without the contact of air, a 
portion of their oxygen, ſo that they ſoon ſeparate, and are prect- 
pitated to the bottom of the ſolution. | 

XXX. Heat is eminently favourable to this ſucceſſive decom- 
polition of acids by metallic oxyds. Thus nitric ſolutions, when 
heated, grow turbid, or hecome more and more decompoſable by 
ar and water, which is particularly remarkable! in the nitric ſolu- 
tion of mercury. 

XXXI. There are metals which have ſo great tendency to 
oxydate themſelves with acids, that they cannot remain united, 
or form permanent ſolutions with them. This is particularly the 
caſe with thoſe, which have the property of becominga cids, or 
forming oxyds Gs of combining with alkalis; as arſenic, 
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tungſten, molybdena, antimony, tin, iron, &c.; accordingly we find 
the ſolutions of theſe metals, eſpecially in the nitric acid, are al. 
ways loaded with precipitates, and contain little or no metallic oxyd. 

XXIII. From what has been ſaid it appears, that, to form 
metallic ſalts, the oxyds of metals muſt remain united with acids, 
and have no tendency to ſeparate from them. It is requiſite too, 
that we do not augment their affinity for ne or bring them 
into contact with this principle. 

XXIII. Metallic compound ſalts have always, or almoſt al. 
ways, an exceſs of acid: All of them likewiſe are more or leſs 
acrid or corroſive, which ſhows a erer to become acid in 
moſt metallic oxyds, . | 

XXIV. Thoſe properties of metallic ſalts with which it is 
of importance to be e, een, nay be included unde the fol- 
lowing heads. 

1. Figure, and its viteddes 1 2. Sapidity or cauſticity, more or 
leſs powerful: 3. Alteration by means of light: 4. Fuſion, deficca- 


tion, decompoſition, by means of caloric, more or leſs marked: 
5. Deliqueſcence, effloreſcence, or decompoſition, more or les 


complete, by the action of the air: 6. Solubility in water, warm 
or cold; decompoſition more or leſs promoted by pure water 
c.: 7. Decompoſition by earths and alkalis; nature of the 
metallic oxyds precipitated ;z complete precipitation, or forma- 
tion of triple ſalts, partly alkaline or earthy, partly metallic: 
8. Alteration of the metallic oxyds precipitated, at the inſtant of 
their precipitation, either by the air, or by the nature of the 
alkali employed for the precipitation, as happens when ammoniac 
is uſed: 9. Reciprocal alteration by different acids; decompoſi- 
tion taking place, or not; affinity of acids for the metallic oxyds; 
changes of the oxyds diſcoverable by their colour: 10. Alteration 
by earthy or alkaline neutral ſalts, whether exhibiting an union 
without decompoſition, or a double decompoſition : 11. Recipro- 
cal action of metallic falts on each other, announcing either 
fimple union, a ſimple change of baſes by the acids, or a diſ- 
placement of oxygen precipitating both the oxyds, one becauſe it 
is partly diſoxydated, the other becauſe it is ſuperoxydated, as is 


the caſe, for example, in the uſeful precipitation of the muriatic 
ſolution of gold by the muriatic ſolution of tin, which furniſhes 


the purple precipitate of Caſſius: 12. Union with earthy or alkaline 
ſulphures ; the formation of a kind of a ſulphurous ores, 
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XXV. Metallic oxyds have different degrees of affinity with 


| acids, and ſome may be employed to decompoſe combinations of 


others. But the different affinities of metals for oxygen are the 
moſt important cauſe of the phenomenon of the precipitation of 
metallic ſolutions. Thus ſeveral metals, by taking oxygen from 
others diſſolved in acids, occaſion their reappearance in the me- 
tallic form; as mercury does with ſilver, copper with mercury, 
iron wth copper, zinc with iron, &c. Sometimes metals do not 
deprive metallic oxyds diſſolved in acids of all their oxygen; 
which occurs when the precipitating metal has no occafion for 
all the oxygen of the metal diſſolved, to aſſume its place in the 
acid : Thus tin, when it precipitates the oxyd of gold, does not 
elicit from it all the oxygen it contains, but ſuffers it to precipi- 
tate in a peculiar ſtate of oxydation, Metallic oxyds, in divid- 
ing oxygen among them in new proportions, precipitate with 
properties which deſerve to be more accurately inveſtigated than 
has hitherto been done. 


Application of what has been ſaid in this Chapter. 
The preparation of all the metallic oxyds uſeful in the arts. 
Coloured glaſs, enamels. 
Metallic ſalts of uſe in the arts. 
The effects of theſe ſalts in the arts in which they are em- 
ployed. 
The ſolution and parting of metals, 
The precipitation of metallic oxyds by alkalis and earth. 
Theſe applications are in general ſo uſeſul and multifarious, 
that they cannot be exhibited unleſs in the particular hiſtory of 
each metal. 


CHAPTER X. 
THE FORMATION AND NATURE OF VEGETABLE SUBSTANCES. 


J. 1 ſubſtances which conſtitute the texture of vegetables 
differ from mineral ſubſtances in this, that they are of a more 
complex order of compoſition, and though all are extremely ſuſ- 
ceptible of decompoſition or analyſis, not one is an object of 
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II. Nothing but the texture of living vegetables, nothing but 
their vegetating organs, can form the matters extracted from 


them; and no inſtrument invented by art can imitate the com- 


poſitions, which are formed in the organie machines of plants. 

III. Though vegetables form all the the materials which con- 
ſtitute their texture with four or five natural ſubſtances, caloric, 
light, water, air, and the carbon derived from ſome remains of 
plants decayed into mould, we find an extreme variety in the 
properties of theſe materials. Theſe may be reduced, however, 
to a certain number of principal heads, under the name of in- 
mediate materials of plants, becauſe they are obtained from them 
by ſimple proceſſes, almoſt wholly mechanical, by a ſort of Gred 
analyſis, which does not alter their nature. | 

IV. Theſe matters, which are more or leſs enen, are 
placed in particular organs, veſſels, diſtinct cells, &c. Some- 
times their ſeat is in the root, or ſtalk, bark, and leaves, at the 
ſame time: At others they are contained only in the flowers, 
fruits, or ſeeds, and even in certain parts of theſe organs. This 
particular ſituation of the immediate materials indicates the dif- 
ferent organization of the texture of the part, as the cauſe of the 
various nature diſplayed by each of them 

V. The different place occupied by each of theſe materials of 
vegetables often enables us to obtain them eaſily ſeparate and 
pure. It is ſufficient, when this local diſtribution occurs, to 
bruiſe and open the veſſels or cells which contain them, and ex- 
preſs their liquid juices. Nature herſelf frequently exhibits this 
ſeparation at the ſurfaces of plants, even by the power of vege- 
tation: Thus the ſap, manna, gum, reſin, &c. ſpontaneouſly flow; 


though art is often obliged to ſeparate from each other ſeveral of 


theſe materials united and confounded together. The means it 
employs for this purpoſe are uſually ſimple and eaſily practiſed; 
ſuch as reſt, filtration, expreſſion, ablution, and diſtillation with 
a gentle heat, which produce no alteration in the ſubſtances ſyb- 
jected to theſe proceſſes. 

VI. Among the materials of vegetable bodies 3 by 
ſimple means, which change not their nature, may be reckoned 
the following ſubſtances, either fluid or ſolid : 

1. The extractive matter, or extract. 
2. Mucus, or mucilage. 
3. Sugar, 
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4. Eſſential ſalts. 
5. Fixed oil. 
6. Volatile oil. 
7. Aroma. 
8. Camphor. 
9. Reſin. 
10. Balſam. 
11. Gum: reſin. 
12. Fecula. 
13. Gluten. 
14. Colouring matter. 
15. Elaſtic gum. 
16. The ligneous part. 


| Beſide theſe ſixteen principles, a ſubſtance analogous to animal 


albumen has been diſcovered in the analyſis of vegetables; and it 


is probable, that ſome other unknown vegetable principles exiſt, 


as the matter proper for tanning hides, or tannin, &c. 

VII. It is neceſſary here to be fully aware, that, on reducing 
all the facts of vegetable analyſis to general terms, or leading re- 
ſults, nothing more has been found in any of the plants hitherto 
examined, than the eighteen ſubſtances abovementioned ; ſo that 
we may affirm, that they actually compoſe the texture of all 
known vegetables, and that a very accurate analyſis is made of 
a vegetable, when we ſeparate theſe from it. Yet it is not to be 
underſtood, that all theſe eighteen immediate materials are to be 
fonnd in the different parts of vegetables, or even in each vege- 
table taken all together. There are plants, all the parts of which 
= do not furniſh ſo many as five or ſix of theſe materials: Others 
contain eight or ten; ſome afford them all. But ſuppoſing we 
could mingle and blend together, even chemically, all the plants 
which have ever occupied the attention of the chemiſt, this mix- 
ture, this combination, confuſed in appearance, would exhibit 
only the ſixteen or eighteen above mentioned ſubſtances, as the 
= reſults of the moſt accurate and refined analyſis ; whence we are 


: | juſtified in laying, that vegetables are formed of theſe immediate 


materials. 

Vn. Each of the materials above announced has peculiar Fa 

flinguiſhing properties, among which thoſe that can mark its 

characters, and render it eaſily diſcernible from the reſt, ſhould 
be ſeleQted. It is by no means impoſſible to treat this ſubject 
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vegetables by inſpiſſation, or from decoctions or infuſions of them 


in the three preceding principles: Accordingly theſe are con- 
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after the manner of botaniſts, and to have but one characteriſtie 
or ſpecific phraſe for each of theſe materials: And though this 
method has never yet been propoſed or executed in chemiſtry, l 
ſhall endeavour to preſent a ſketch of it in the ſucceeding ſections, 
as I have already done with reſpect to acids and compound ſalts. 


Charaders of the immediate materials of Vegetables. 


IX. ExTRACTIVE MATTER, or EXTRACT: Dry; brown; 2 
little deliqueſcent; ſoluble in water; obtained from the juices of 


by evaporation; affording by diſtillation an acid, a little ammo- 
niac, and ſome oil; abſorbing oxygen from the atmoſphere, and 
by this abſorption becoming gradually inſoluble; erroneouſly con- 
ſidered as a native ſoap; compoſed of carbon, hydrogen, azot, 
and oxygen, and always tending to abſorb more of _ laſt than 


it contains in its primitive ſtate. 


X. Mucus, or MUCILAGE: An ee 8 inſipid 
ſubſtance; affording much pyromucous acid on diſtillation ; ſo- 
luble in both warm and cold water; abſorbing no oxygen from the 
atmoſphere z drying and becoming brittle in the form of gum; ME 
exiſting in roots, young ſtalks, and leaves; iſſuing from the bark 
of trees by expreſſion ; gluing their fibres together. 

XI. SuGar : Sapid and agreeable to the taſte ; erpſtallizible 
ſoluble, and fermentable; in moſt circumſtances reſembling mu- 
cilage, but differing from it in the property of fermenting and : 
forming alcohol. Both mucilage and ſugar are compounds f 
carbon, hydrogen, and oxygen; differing from extract, 1ſt, By 
poſſeſſing a ſmaller proportion of hydrogen, on which account 
they do not abſorb, like extract, the oxygen of the atmoſphere; 
2dly, By the abſence of azot, whence they afford no ammoniac 
on diſtillation. - 

XII. ESSENTIAL SALT : Compuitivatiog the cam acids 
formed in general of hydrogen and carbon more oxygenated than 


vertible into acids by the addition of oxygen. Vegetable acids, 
however numerous they may be, appear to differ only in the pro- 
portion of their three principles: They are all decompoſable by 
fire, capable of being converted into each other, and, on an ub 
timate analyſis, are reducible to water and carbonic acid by the 
addition of — See Chap. VII. 
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XIII. FixeD o1L : Formerly called groſs or expreſſed oil; thick, 
ſweet, inodorous; burning when volatilized; forming ſoap with 
cauſtic alkalis; mixed with a mucilage named the ſweet prin- 
ciple of oils by Scheele; inſpiſſating and becoming concrete by 
the contact of air and abſorption of oxygen; experiencing the 


1 | {ame effects by the action of acids and metallic oxyds; compoſed 
of carbon, hydrogen, and a little oxygen. It differs from the 


preceding compounds 1 in containing a larger proportion of hydro- 


a gen; whence ariſe its combuſtibility, and its property of being 
=Z converted into water and carbonic acid, when it burns with a 


ſufficient quantity of air, as it does in the hollow wicks ſur- 
rounded on all fides with air, which conſtitute Argand's lamp. 
XIV. VoLATILE OIL : Heretofore named eſſential oil, or efſence : 


| | Highly acrid, highly odoriferous; entirely reducible to vapour at 
; ua heat of 184; combining difficultly with alkalis ; capable of 
being ſet on fire by acids; inſpiſſating to a reſin by the action of 


oxygen ; burning more rapidly, and affording more water than 
fixed oil, and admitting more ſpeedily the precipitation Ws its 


ö 3 charcoal, which forms lamp-black. ' 


XV. Anois: Forney called hee e, 0 veig-velatty 


; principle, reducible to vapour by the ordinary heat of the air, 
and forming an atmoſphere round plants; paſſing over with wa- 


ter in diſtillation in Balneo Marie ; ſometimes of an inflammable 


Z nature, at others diſplaying ſaline properties, uniting with alco- 
hol, fixed oils, vinegar, &c.; forming by theſe combinations what 


are called in pharmacy diſtilled waters; contributing by its pre- 
ſence to the quantity of volatile oil diſtilled from plants, and 
bearing ſo great analogy to it, that they have been confounded 
together. The nature of aroma is not accurately known ; ſome 
begin to ſuſpect, that it is not a diſtinct body, a ſingle principle 
diſengaged from vegetable matters, but theſe matters n 
in ſubſtance reduced to a ſtate of vapour. | 

XVI. Caurhox: A matter now recogniſed in a andbes of ve⸗ 


= pctables, and claiming to be reckoned among their immediate prin- 
= ciples ; of a concrete and cryſtalline form; very volatile; burn- 
ing with the emiſſion of ſmoke ; ſoluble in a large quantity of 
water, in alcohol, and in. ether; exiſting in ſeveral volatile oils ; 
contained pure in the trunk and leaves of the ſpecies of laurel 


which furniſhes it; too little known yet with regard to its inti- 


mate nature; yielding a peculiar acid by means of the nitric 
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XVII. Resin : A ſoft or dry ſubſtance ; little odorous; com. 
buſtible; ſoluble in alcohol, but not in water; uniting difficult. 
ly with alkalis ; little alterable by acids; originating from in- 
ſpiſſated volatile oil, and appearing to differ from it "yy by a 
larger portion of oxygen. 

XVIII. BaLsam : Reſin united with heels FRY more odo. 
riferous than pure reſin; affording its acid in a concrete ſtate by 
the agency of fire and water; yielding it to alkalis or earths; 
and approaching to reſin after having loſt its acid. 

XIX. GuM-RESIN : A concrete juice; partly ſoluble in water, 

and forming with it a kind of emulſion, as it does with vinegar, 
which has been ſuppoſed its univerſal menſtruum, but till more 
ſoluble in alcohol; not exuding naturally frem vegetables like 
reſin, but extracted from their ruptured veſſels, in the form of 2 
white or coloured juice, of a fetid ſmell more or leſs reſembling 
garlic. 
XX. FECULA : A kw dry, white, SPY combuſtible 
matter; affording much pyromucous acid on diſtillation ; ſoluble 
in boiling water, and forming a jelly with this liquid ; convert 
ible into the oxalic and malic acids by means of nitric acid ex- 
iſting in all the white and brittle parts of vegetables, particularly 
in tuberoſe roots and gramineous ſeeds ; conſtituting the baſe. of 
the nouriſhment of animals, and diſpoſed to become readily 4 
principle of their bodies. 

XXI. GLuTteN: An elaſtic, ductile body, as if Som or 
As; ; inſoluble in water; lightly ſoluble in alcohol; {A 
affording a conſiderable quantity of ammoniac on diſtillation; Wa 
putreſcible like animal matter; turning yellow like it on the con- 
tact of nitric acid; convertible by this acid into oxalic acid; 0c- 
caſioning the difference between the farina of wheat aud other 
farinaceous ſubſtances, and beſtowing on it the capability of be. 
ing made into a paſte. SES 

XXII. CoLOURING MATTER: Always attached to one or other 
of the preceding materials; appearing variable in its nature; 
ſometimes ſoluble in water; at others, attackable only by alkali 
oils, or alcohol; indebted for the diverſity of its properties to the 
different quantities of oxygen fixed in it; poſſeſſing an afhultj 
of attraction for alumin, oxyd of tin, &c.; and capable of com. 
bining more or leſs intimately with the textures of vegetable 
und animals. 
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XXIII. ELAs Ic GUM : Analogous to gum-refin ; appearing to 


exiſt in ſeveral vegetables ; remarkable for the extenſibility and 


elaſticity it retains after deſiccation ; affording ammoniac when 
diſtilled ; diffuſing a fetid ſmell when burned ; having been at 


; ; | firſt in the form of a white milky fluid, and converted from that 


ſtate to an elaſtic ſolid, by the abſorption of atmoſpheric oxygen- 
XXIV. The LIcNEOUS PART, or wooD : A matter too much 


; | neglected hitherto by chemiſts ; conſtituting the ſolid baſis of all 


vegetables, but far more abundant in thoſe which are hard; er- 


WE roneouſly conſidered as an earth; inſoluble in water; affording, - 


on diſtillation, the peculiar acid called pyroligneous ; containing 


I | a large quantity of carbon ; paſling to the ſtate of three or four 
acids by the action of the nitric z and appearing to be the laſt 
product of vegetation. 


XXV. From what has been exhibited above teſpecting the 


Z immediate and known. materials of vegetables, it follows, that 
they are all reducible, on an ultimate analyſis, to three or four 


principles, which are their primitive component parts; namely, 
hydrogen, carbon, oxygen, and, in many, azot; and that they 
differ from each other only in the various proportions of the ele- 
ments from which they are formed. Now, it we inveſtigate, by 
{imple calculation, the number of different compounds that may 
reſult from the union of three or four principles in every poſſi- 


Z ble proportion, we ſhall find, that a much larger number might 


exiſt, But as each of the ternary or quaternary compoſitions 
which conſtitute the immediate materials of vegetables, admits, as 


far as it appears, a certain latitude of proportions, while retain- 
ing its general nature of extract, muſilage, oil, acid, reſin, &c., 


it is eaſy to conceive, that the different proportions of the prin- 


3 ciples included within theſe ſeveral latitudes, ſet bounds to the 


vaſt, immeaſurable variety of colour, ſmell, taſte, and conſiſtency, 


: which are obſervable in all the materials of vegetables, and which 
men diſcern in ſuch of them as they employ in their * gar- 


ments, habitations, &c. 
XXVI. On the ſame conſideration, it will not be more diffi- 


eult to conceive, that vegetables muſt vary in the nature and ſpe- 
{2 cific properties of their materials, according to the ſeveral pe- 
riods of their vegetation ; that they can never remain in the 
ame ſtate ; and that the different ſcenes exhibited in the periods 
ef germination, leafing, bloſſoming, fructification, and maturity, 
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which niſin vegetable life, muſt be accompanied and marh, 
ed by internal change, as they are by external appearance, 
this the variouſly modified taſte, inceflantly changing colour, 
ſmell not more ſtable, and difference of texture, which charac. 
terize the ſeveral epochs of vegetation, afford inconteſtible proofs 
XXVII. A new advantage ariſing from the preſent philoſophy 
of chemiſtry, is the having thus diſtinguiſhed the nature of the 
materials of plants, far more complex than that of mineral ſuh. 


ſtances. The acquiſition of this knowledge, leads to an appreci. 
ation of the changes wrought in vegetable matters by different che- 


mical agents. Thus, we can no longer profeſs ourſelves ignorant 


of the action of the deſtructive agent fire on vegetable ſubſtances 
From the preceding conſiderations, are underſtood how, when: 


complete vegetable, or any one of its different products, is ſub 
jected to the action of fire, caloric tends to reduce theſe compli 
cated compounds to more ſimple ones, by occafioning the union 
of their principles, two and two together, in proportions very 
different from thoſe which before obtained. By gently heating 
them, the hydrogen is extricated, which burns alone, and much 
carbon remains : If they be ſtrongly heated, the carbon is diſen, 
gaged at the ſame time with the hydrogen, they both burn in the 
air, and the only reſiduum left, conſiſts of that ſmall quantity a 
earth and ſalts, which conſtitutes vegetable aſhes. 

XXVIII. All the immediate materials of vegetables being 2 
ducible in their ultimate analyſis to three or four original princi 
ples, namely, hydrogen, carbon, oxygen, and a little azot in fone 
of them; this analyſis, moreover, anſwering with the utmoſt pre 
ciſion to che manner in which vegetables are nouriſhed, gron, 
ſpread, and perpetuate their ſpecies, fince we know that vegen. 
tion, to take place, requires only theſe ſimple principles ; nothing 
more remains, but to find how plants appropriate theſe ſorts d 
elements, and combine them in their organic ſtrainers, to con- 
poſe the different ſ ubſtances, the properties of which have be 
announced. 

XXX. It appears beyond all donby, that water is the ſourt 
whence vegetables derive their hydrogen; that they decompoſ 


this fluid in their leaves, by the help of the ſolar light, abſorb it 


hydrogen, which becomes fixed in them in the ſtate of oil, © 
extract, or mucilage, &c., and ſeparate its oxygen, A great par 
ef which, being diſſolved in light and caloric, —_ off in tif 
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ſtate of vital air. But a portion of the oxygen of the water is 
fixed at the ſame time in the texture of the vegetable, in which 
it is retained chiefly by the carbon. 

XX. It is not ſo eaſy to account for the carbon that exiſts in 
vegetables. Some natural philoſophers ſuppoſe, that vegetables 


X decompoſe carbonic acid at the ſame time with water, and abſorb 


its carbon: But this ſuppoſition is not proved, though it has ac- 
. | quired ſtrength, ſince the decompoſition of carbonic acid, com- 
= bined with ſoda, by means of phoſphorus, has been diſcovered. 
Other chemiſts are of opinion, that vegetable earths, mould, 
dung, and particularly the water of dunghills, furniſh the carbon, 
W attenuate, and even diſſolyed in water; that plants abſorb this 
principle by their roots; and that they do not extract it from 
BZ carbonic acid. According to this hypotheſis, manure affords only 
carbon, and the water of it is nothing more than a ſaturated ſo- 


& lution of this principle. To theſe data we muſt reſtrain at pre- 


ſent the theory of vegetation. 


Applications of the Reſults of the tenth Chapter. 


The applications of the reſults delivered in this chapter are 
extremely multifarious ; they relate to agriculture, rural econo- 
my, pharmacy, materia medica, and all the arts in which vege- 
table ſubſtances are employed. The following is a ſlight ſketch 
of the principal features of theſe important applications: : 

Germination. - | 

The developement of leaves. 

Bloſſoming. 

Fructification. 

The maturation of fruits and ſeeds. 

The ſucceſlive formation of gum, extract, oil, reſin, ſalts, ſu- 
gar, the colouring matter, and wood, in the different pe- 

-  Tiods of vegetable life. 

The growth of the woody aue barks &c. 

The pharmaceutical preparations of juices, extracts, eſſen 
tial ſalts, mucilages, oils, reſins, gum-reſins, aromatic wa- 
ters, &c. 

The arts of the ſugar-maker, 3 DIR baker, 
ſtarch- maker, vine-dreſſer, brewer, diſtiller, varniſher, dy- 
er, paper- maker, indigo- maker, colour-man, flax-man, per- 
fumer, oil-man, ſoap-boiler, maker of charcoal, &c. 

2 


— 


bas long been ſaid in natural hiſtory, that vegetables are formed 
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CHAPTER XI. 


or THE FORMATION AND NATURE OF ANIMAL SUBSTANCES : THz 
| | © THEORY OF ANIMALIZATION. | 


— 


n vege. 
tables, animals cannot ſupport their exiſtence : Accordingly it 


from minerals, and animals from vegetables. But if this truth 
have been long known, the mode in which theſe bodies are 
changed, or reciprocally converted into each other, has never yet 
been aſcertained. On this point, however, the labours of che- 
miſts ſhould be principally exerted : For, were this problem once 
folved, it would lead us to a preciſe knowledge of all that con- 


4 
cerns the animal economy : And ſome reſults conducive to this F 
grand inquiry are already afforded us by modern diſcoveries. { 
II. The moſt certain means of ſolving this important pro- 
blem are unqueſtionably firſt to acquire an accurate knowledge | 
of animal ſubſtances, to compare them with thoſe of the vege- 
table kingdom, and to inveſtigate with care their difference or n 
analogy. There is no doubt, were theſe differences once wel 7 
| known, they would enable us to underſtand the cauſe from which m 
they ariſe. en 
III. If we compare the reſults of all the modern analyſes mak an 
of the blood and humours, and of the ſolid parts which mani- of 
feſtly originate from the concretion of theſe, we ſhall find, that hil 
animal ſubſtances differ from vegetable ſubſtances in ſea 
A. The property of affording a conſiderable portion of ammo- 
niac, and very fetid products, by the action of fire: | | ma 
B. In that of putrefying more eafily, and more _— and | the 
giving out a far more noiſome ſmell : ſwe 
C. In yielding, when acted upon by nitric kd much more alm 
azotic gas: and red 
D. In contributing ſingularly to the een of nitric acid. Line 
IV. All theſe differences ſeem to depend only on the preſenc: the 
of one principle in animals far more abundantly than in vege- WF cong 
tables; which is azot. It may be ſaid, therefore, that the addi- the 
tion of azot to vegetable matters would ſuffice to convert then whit 
into animal ſubſtances. | : | or ff 
6 F- 
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table matter, azot, appears, then, to be the efficient cauſe of the 
properties which diſtinguiſh them, and particularly of that ſort 
of concreſcibility, - or plaſticity, which will ſoon be conſidered 


manner each of theſe principles ought to be characterized by the 


| hibit the relations and differences that form the object of our 


| man, quadrupeds, and birds; at the temperature of the medium 


TE 


WT ivectih ; coagulable by cold; miſcible with water; ſeparating 


; in each of, theſe ſubſtances diſtinguiſhing characters, namely, in 
de ſerum, alkalinity, coagulability by fire, metallic oxyds, &c., 
| coagulability owing to the more intimate combination of oxygen; 
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V. Yet it is proper to obſerve, that to theſe primary differ- 
ences, which may be termed capital ones, ſome other particular 
phenomena may be added, the influence of which, though un- 
doubtedly inferior, on the animal compoſition, ought by no 
means to be neglected. Such, among others, is the preſence of 
phoſphoric acid, and the different phoſphats, particularly thoſe of 
ſoda, lime, and ammoniac, in the animal humours. To theſe 
ſalts are owing the peculiar quality of the coal of animal ſubſtan- 
ces, eſpecially its being almoſt incombuſtible. 

VI. The peculiar principle, which is ſo abundant in theſe ſub- 
ſtances, and more eſpecially renders them different from vege- 


more at large. It may be affirmed, therefore, that, if we were to 
deprive animal ſubſtances of azot, they would become again in 
ſome meaſure vegetables; as, to convert the latter into animal 
ſubſtances, it is ſuthcient to combine with them, or introduce in- 
to them, azot. 

VII. Thus all the matters which form the bodies of animals 
may be conſidered as ſo many immediate principles, as was done 
in the preceding chapter with regard to vegetables. In the ſame 


enumeration of its moſt ſtriking properties. If we ſo examine 
and deſcribe the blood, milk, bile, fat, urine, &c., and the ſolids 
of animals, we ſhall obtain a comparative ſcale, which will ex- 


ſearch. 
VIII. BLOOD: A red fluids warm at a temperature of 93% in 


they inhabit in oviparous quadrupeds, ſerpents, and fiſhes; 


almoſt ſpontaneouſly into three different ſubſtances, white ſerum, 
red ſerum, or the colouring part, and fibrous matter.; exhibiting 


the ſame general nature in the red ſerum, which differs from the | 
White only in the preſence of oxyd of iron; in the fibrous matter, 


or fibrin, ſpontaneous concreſcibility, and ſolubility in alkalis. 
Vel. J. E. 
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quantity of phoſphat of lime, more abundant than in the other 


the ſolidity of which, and its eaſy ſeparation from the milk by 
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Theſe principal characters ought to be conſidered in the whole 
of the blood, which appears to be the primary principle of al 
animal ſubſtances, tlie common origin of all the humours and oſ 
all the ſolids. It has been called fluid fleſh, in conſequence of 
the fibrin, which concretes in it on cooling. The cauſe of its 
heat has been diſcovered in the alteration and abſorption of vital 
air in reſpiration : And the renovation of the blood by the chyle, 
and the converſion of the chyle into animal matter, have in like 
manner been found to originate from the extrication of a confi. 
derable quantity of carbon and hydrogen, Ry appears to take 
place in the lungs. 

IX. Mitx: A white fluid, bland and ſaccharine, formed of 
ſerum, cheeſe, and butter, intimately mixed, and exhibiting a 
true animal emulfion. In the ſerum of milk we ſhould parts 
eularly notice the ſubſtance called ſugar of milk, which may be 
faid to have the character only of an incipient ſugar, and the 


humours, which ſeems to indicate, that nature thought fit to 
place in the firſt nouriſhment of animals a quantity of offeous 
baſe, with a view to the neceſſary celerity of the formation and 
growth of the bones in the earlieſt ſtage of their lives. The 
cheeſe is a true albuminous matter. The butter is a concrete oil 


fimple agitation, appear owing to the abſorption of atmoſpheric 
oxygen during the formation of the cream. 

X. Bits : an oily ſaponaceous fluid; compoſed of an oil ap- 
proaching the ſtate of ſpermaceti and * mingled with albu- 
minous fluid; formed in the liver, 2 viſcus which itſelf contains 
a large quantity of oil. In the ſyſtem of the voluminous gland 
juſt mentioned, every thing indicates a diſpoſition, an organize 
tion, deſigned to ſeparate from the blood the large portion of tat 
which ariſes from the retardation of this fluid in the venous ſyſten 
of the abdomen. This conſideration, deſtined ſome day to be. 
come one of the principal baſis of the phyſiology hinted at abort 
accounts for the bulk of the liver in the foetus which has uo 
breathed, as well as in animals which have no reſpiratory orgat 
fimilar to thoſe of man, birds, and quadrupeds. It alſo explais 
the origin of ſome diſeaſes of the liver, particularly of its col 


cretions or gall ſtones. 
NI. Far: A fort of oily matter; formed at the extremities 
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the arteries, and as far as may be from the centre of motion and 
animal heat; affording a kind of reſervoir, in which that large 
quantity of hydrogen which could not be evacuated by the lungs 
becomes fixed; an oil united to a conſiderable portion of oxygen, 
and containing beſides ſebacic acid. This manner of conſidering 
fat, is one of the moſt ſtriking points of modern pliyites « as it re. 
gards animals. 

II. Unine: An exerementitious fluid; more or leſs coloured; 
acrid, and faline; remarkable for the large quantity of free phoſ- 
phoric acid, and phoſphat of ſoda, ammoniac, and lime, which 
it contains, and ſtill more ſo for the preſence of à peeuliar acid 
not yet found in any other animal humours, which is now called 
the lithic, becauſe it forms the baſis of the ſtones of the kidneys 
and bladder, which cauſe the diſeaſe known by the name of li- 
thiaſis. 
= Urine has been the ande of diſcoveries highly valuable to the 
2 chemiſt, and muſt be of others ſtill more valuable to the phyſi. 
cian. Conſidering it firſt as a lixivium, deſigned to carry out of 
= the body a large quantity of ſaline matters, which would injure 
ble due exerciſe of its functions, we muſt not forget that it is an 
eeracuation, the proportion of the principles of which, varying 
according to the ſtate of the body, becomes a kind of ſtandard 
E to ſhow the modifications of the body, in health or ſickneſs, by a 
ſeries of obſervations, which phyſicians have already commenced 
under fortunate auſpices: We ſhould conſider it, too, as always 
containing the matter of renal and veſieal concretions, which 
Z | ſeem to require for their formation only a little longer reſidence 
in the reſpective organs than nature intended, or the preſence of 
a2 nucleus, which attracts, in ſome meaſure, the ſucceſſive lithic 
BY firata We muſt alſo obſerve the proportions of the different 
principles in the urine, particularly of the uncombined acids it 
contains, and the phoſphat of lime which it carrigs along with it; 
bor theſe, differing remarkably in diſeaſes of the joints, the apo- 
neuroſes, and the bones, will at ſome future period become, in the 
hands of ſkilful obſervers, new means of · diſcovering the nature 
of theſe complaints, aſcertaining their 1 and perhaps in- 
ſuring their cure. 
III. Little can be ſaid here of the other animal fluids, ſuch 
s the inſenfible perſpiration, ſweat, the gaſtric juice, ſaliva, tears, 
be mucus of the noſe, the cerumen, the ſeminal liquor, &e., 
3 „ 
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| becauſe none of theſe fluids have yet been much examined. Al 
5 have unqueſtionably their peculiar compoſition, and differ in ſome 
if points, particularly in the proportion of their principles. Some of 
l theſe humours, with which modern experiments have rendered 
us a little better acquainted, exhibit the union of a peculiar mu- 
cilage with water, pure ſoda, phoſphat of lime, and phoſphat of 
ſoda : Such are the tears, the naſal m'acus, and the ſpermatic fluid, 
1 Of theſe the firſt and ſecond diſplay likewiſe the property of in- 
141 ſpiſſating by the contact of the air and the abſorption of oxygen 
is | | which probably conſtitutes the maturity, as it is called, of the hu- 
| mours in catarrh, whether it be confined to the noſe and fauces, 
'W or extend to the lungs. The ſeminal liquor has offered us the 
ſingular phenomenon of the cryſtallization of FT of lime, 
which was never before known. | 
9 0 | XIV. On conſidering the whole of the folid matting - which 
if | compoſe the various textures of the different organs of animals 
the ſubſtances of which they are formed may be divided into three 
| j principal genera : The firſt comprehends the albumen ; the ſe- 
| | FW cond, the gelatin, or gelatinous matter ; the third, the fibrin, or 


. — 


nn unn 
* OT 


ut fibrous matter: Two of theſe have already been diſtinguiſhed un- 
El}. - der the article of blood, in the eighth ſection of this chapter. I 
1 ſhall do no more here than give a conciſe ſketch of the conſtant 
1 phenomena, which may be conſidered as the characters of each 
1 | of theſe genera. 

„ GENUS I. 
it ALBUMEN : Coagulable by heat, acids, oxyds, and in genera 
l by oxygen in a concrete or nearly concrete ſtate; ſoluble by al 
10 1 kalis ; found more or leſs condenſed or oxygenated, and inter 
woven in the membranes, tendons, cartilages, and, in genera, 


all the white parts of animals, | Z ca 
: ; 8 
1 | GENUS II. 5 
i | | | | GELATIN : Participating the ſolidity of the firſt in moſt of the 4 tic 
„ white organs, but capable of being ſeparated from it, and ealiy + 
vt , diſſolved by boiling water, to which it gives the form of vs FF 
9 on cooling. As it conſtitutes the baſe, or principal part, of al B pe: 
i the white organs in general, theſe are more or leſs completely i6 car 
| luble in boiling water, and form tranſparent jellies by the relt- bon 


Ir: || geration of theſe ſolutions, 
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| GENUS III. 

FinriN : Inſoluble in water, at any temperature; ſoluble in 
acids; containing a large quantity of azot; condenſed, concrete, 
and organized, in muſcular fleſh, which may be regarded as the 
proper receptacle of all the fibrin contained in the blood: Ac- 
cceordingly, conſidering the muſcles as the ſecretory organs of the 

& fibrous matter of the blood, we ought to inveſtigate all its modi- 

W kcations, with reſpect to the quantity or proportion which fixes 

nn theſe organs, and more particularly with regard to their appa- 

rent excluſion of it under various circumſtances of lea old 
age, &c. | | 
XV. Theſe three matters, alidnben gelatin, and fibrin, ina 
ſtate of concretion, of combinations of two and two, or all three 
5 together, and eſpecially in different proportions, form all the ſolids 
of animals, and are ſeparable from each other by a ſimple and 
BE caſy analyſis: They alfo, particularly the albumen, form many 
ol the fluids of animals; only in theſe they contain leſs oxygen, 
more water, and are combined with acids, neutral falts, &c. It 
muſt be obſerved, that in the fluids, the gelatin is as deficient as 
in the ſolids it is abundant, appearing to acquire its nature of ge- 
hatin in paſſing from the fluids to the ſolids, Albumen diſſolved 
in acids by art aſſumes properties analogous to thoſe of gelatin. 
* XVI. The ſolid animal matter, or bony ſubſtance, is of another 
order of compoſition. A large quantity of an earthy ſalt, almoſt 
wholly inſoluble, phoſphat of lime, is amaſſed in the texture or 
primitive parenchyma of the bones. This is the whole myſtery 
of the ſtructure and compoſition of this part of the animal frame; 
and for this reaſon bones yield jelly on being boiled in water, and 
; a a conſiderable quantity of oil and ammoniac on diſtillation z and 
when thoroughly calcined,” or burnt, they are nothing more than 
8 calcareous phoſphat, mingled with ſome ſmall portion of cathonats 
muriat, and phoſphat of ſoda. | 
XVII. When any one of the preceding animal matters, par- 
dicularly of the condenſed white fluids, or white organs, is treat- 
Bl ed with nitric acid, there will be extricated a more or leſs conſi- 
I derable quantity of azotic gas, and of pruſſic acid gas, which ap- | 
bears to be nothing but a combination of azot, hydrogen, and 
F carbon, with a little oxygen. Gelatin: yields the leaſt, albu nen 
bomerhat more, and fibrin the moſt, In proportion as this change 
; . E ij 
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of combinations in the principles of animal matters is effected by 
means of the nitric acid, they ſeem to revert to their ancient ſtate 
of vegetable matter, from which they do not eſſentially differ, 2 
has already been ſaid, but by the preſence of azot, their ,propor- 

tion of carbon and hydrogen not being the ſame, and greater com. 
plication in the number of principles, from a combination of which 
they are formed. Thus inſtead of being ternary compounds, az 
vegetable ſubſtances are, animal matters are quaternary com. 
pounds, and even ſtill more complicated. Azot is the fourth 
primitive principle, which is ended to o hydrogen, en and 
oxygen. 

XVIII. "ike ogy the converſion of vegetable into wht 
matter, which conſiſts only in the fixation or addition of azot, 
muſt be conſidered as the principal phenomenon of animalizy 
tion: This alone explains its chief myſteries; and when once ve 
are perfectly acquainted with the mechaniſm af this addition of 
azot, moſt of the functions of the animal economy, which effed 
it, or depend on it, will become equally known, © 
| XIX. What we already know of the ſubject is 8 tg 
the following conſiderations. The phenomenon is not ſo much 
owing to the fixation of a new quantity of azot, as to the ſub 
traction of other principles, which increaſe its proportion. In 
reſpiration, the blood exhales a large quantity of hydrogen, and 
of carbon, either ſimply diſſolved in hydrogen gas, or converted 
into the Rate of carbonic acid by the very act of circulation, and 


In the cavities of the bronchia, during the act of reſpiration, and 
by the inſtrumentality of this act, the hydrogen forms water, 
which exhales in expiration. A portion of oxygen appear u 
the ſame time to become fixed in the pulmonary blood, and, cit 
culating with this fluid through the veſſels, gradually combine 
with the carbon, ſo as to form that carbonic acid, which is & 
tricated from the venous blood in the lungs. It is eaſy to con- 
ceive, that, by thus diſengaging a large quantity of hydrogen 
and carbon, reſpiration muſt neceſſarily augment the proportio! 
of azot. The ſtudy of the mechaniſm of the other functions 
which remains to be purſued, will undoubtedly lead to new di- 
goveries, ſtill more important than the preceding: What has beet 
performed within a few years naturally prompts us to imagine, 
that ſtill more will be done. The analogy of action which bs 
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been diſcovered between digeſtion, reſpiration, circulation, and 
inſenſible perſpiration, has begun to eſtabliſh on new views, 
more ſolid than were heretofore poſſeſſed, a ſyſtem of animal phy- 
fics, which promiſes an abundant harveſt of diſcoveries and im- 
provements. Unqueſtionably it will be in purſuing the pheno- 

= mena of digeſtion and growth in young animals, that an edifice 
EZ equally novel and ſolid will be erected on theſe foundations. 
XZ Every thing is ready for this grand werk; ſeveral philoſophers 
purſue this unbeaten path of experience; freſh ardour, ſpring- 
ing from theſe new conceptions, animates thoſe who are engag- 
ed in this branch of phyſics; and the track they have juſt begun 
to explore appeats ſuch as muſt lead them to more preciſe and 
accurate reſults, than any that have hitherto been advanced on 
the functions which conſtitute animal life. 


Applications of the Articles in this Chapter. 


The functions of the animal economy, particularly 

Reſpiration z - 4 

Digeſtion 

Hematoſis, or Canguifieation 3 ; 

Inſenſible perſpiration 

The ſecretion of the bile ; 

Oſſification and oſteogony 3 and 

Nutrition. 

The diſeaſes Japendans on the Ma cas: of the hu- 
mours, &c. 

Animal concretions. 

The action of various tte on the W &c. 

The arts employed in the manufacturing of animal matters, 
particularly thoſe of the tanner, currier, preparers of dif- 
ferent kinds of glue and ſize, makers of catgut, thoſe 
who extract oils, and thoſe who work on horn, bone, 
tortoiſeſhell, & c. e 


CHAPTER XII. | 
OF THE SPONTANEOUS DESTRUCTION OF VEGETABLE AND 


"ANIMAL SUBSTANCES, 


1 Wars vegetables and animals are deprived of life, or 
when cheir products are removed from the individuals of which 
| E uy 


— —— ᷑ͥ—U—O—m————— oe n > On ——_—_—_—_ 


— 
WP 


—— . — — 


„ AE 4 2 
e ee eee 


— 
e 
FI 


—_— 


* 
Tg 
— — 1 * 


— S 5 — 8 
** 2 — 2, 
. * * * 


Z 


— 


oo... 
— * 


>. 
ere 
. 


& 8 = _. 2 —_ 
n 


of, Es 
2 A 
r 


— 2 — —ü—é nes 
- . * * 


quantity of water, and mingled with a third ſubſtance of ſome 
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they made a part, movements are excited in them, which de. 
ſtroy their texture, and alter their compoſition. | Thefe move. 
ments conſtitute the different kinds of ' fermentation.” The in. 
tention of nature in exciting them is evidently, to render more 
ſimple! the compounds formed by vegetation and animalization, 
and to cauſe them to enter into new combinations of different 
kinds. When a portion of matter has been employed for ſome 
time in the fabrication of an animal or vegetable body, it muſt 
be rendered up by it to form new compoſitions, as _ as the 
functions of the body are at an end. 5 8 
II. From the general definition of fermentation it would ſcem 
that there ought to be as many peculiar and different fermenta- 
tions, as there are vegetable and animal matters to be changed 
and decompoſed : but ſeveral of them purſuing a ſimilar path 
to arrive at a more ſimple ſtate of compoſition, the number of 
fermentations has been reduced to three, the vinous, acetous 
and putrid. N 0 | 
III. Vinous fermentation, as its name imports, 1s that which 
produces wine or alcohol. The ſaccharine matter is the only one 
which undergoes this fermentation, when diluted with a certain 


kind, vegetable or animal, as extract, ſalt, fecula, or the like: 
For it is now fully proved, that ſugar and water alone never enter 
into vinous fermentation. The ſaccharine matter is ſo. abundant a 
and generally diffuſed through vegetable and even animal ſub- * 
ſtances, that there are a great number of bodies capable of af. '£ 
fording wine, or yielding alcohol. All ſweet and ſaccharine fruits n 
reduced to a pulp, and more eſpecially their expreſſed juices Wn 
undergo a movement, when they are at a temperature of 62 or 8 


upwards, if they be in a large body, and particularly when nei- tl 

ther too thick nor too thin. Hence the great number of diffe- 
ent wines, comprehending the decoctions of grain malted, and m 
by this proceſs converted in part into ſaecharine matter, and even m 
the vinous liquors made with milk, honey, blood, &c. pr 
IV. Vinous fermentation announces itſelf in ſaccharine liquor A 
by an increaſe of volume, the formation of a copious ſcum which thi 
cover their ſurface, riſe of temperature, the diſengagement of ha 
a conſiderable. quantity of carbonic acid gas, and the converſion Wa lo 
pe: 


of a ſweet fluid into a ſharp, warm, and pungent, liquor. 
V. The cauſe of this fermentation appears to be owing to 2 


decompoſition of water, a great part of the oxygen of which, 
attacking the carbon of the ſugar, burns it, and converts it into 
carbonic acid. At the ſame time the hydrogen of the water at- 
tacks the ſugar diveſted of its carbon, and, combining with it, 
gives birth to alcohol. Thus alcohol may be defined to be ſugar 
minus 2 certain quantity of carbon, and plus a certain portion 
of hydrogen. This theory explains both the formation of the 


cCarbonic acid evolved during the progreſs of vinous fermentation, 


. 


. 5 and that of the alcohol, as well as all the properties of this new 
production. „ en e e IGG? > t rs ; 
VI. Pure alcohol is a white liquid, of a ſtrong ſmell, of a hot 
and acrid taſte z riſing in vapour at a temperature of 1500 in- 


flammable at any temperature; affording much water and carbonic 
acid in burning; yielding no ſmoke in combuſtion; miſcible 


with water in any proportion, and expelling its air and a part of 


| i | its caloric while combining with it; diflolving pure or cauſtic al- 
alis; decompoſing acids, and convertible into ether by this de- 
WE compoſition ; diſſolving deliqueſcent neutral ſalts, and ſeveral me- 


WT tallic ones; taking from vegetables their volatile oil, aroma, reſin, 
balſam, part of their gum-reſin, and many colouring matters: 
Finally, of uſe in various proceſſes of the arts, in conſequence of 
theſe ſeveral properties. Aan 
VII. The reader may have already remarked, that the form- 
ation of alcohol takes place at the expence of the deſtruction of 
a vegetable principle, and that the ſaccharine matter undergoes 
A decompoſition, which reduces it to a more ſimple term; thus vi- 
nous or ſpiritous fermentation is a commencement of the deſtruc- 
toon of principles formed by vegetation: And thus it may be re- 
garded as one of the movements eſtabliſhed by nature, to ſimplify 
the order of compoſition, which vegetable ſubſtances exhibit. 
VIII. The acid or acetous fermentation is the ſecond natural 
movement, which contributes to reduce vegetable compounds to 
more ſimple ſtates of compoſition. This fermentation, which 
broduces vinegar, takes place only in liquors that have previouſly 
2 undergone the vinous fermentation. It has been obſerved, that 
dhe contact of air is neceſſary to the production of vinegar :' It 
. has even been perceived, that wine in turning ſour abſorbs air; 
b that a certain portion of the oxygen of the atmoſphere ap- 
= 2cars to be neceſſary to the formation of the acetous acid. 
IX. Unqueſtionably there are ſeveral other fermentations ana- 
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logous to that which forms vinegar, though their products ar; . : 


line ſubſtances and a little extractive matter. 


and ſolids by complex compoſitions, has placed in them a gem 


* 
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not yet well known, ſuch for inſtance are that of water mixed -_ 
with ſtarch, called ftarch-makers ſour water, and thoſe which 
form ſour bread, ſour kraut, and ſour liquours. All thefe change | * 

are to be conſidered as means of decompoſition for nn 1 
the complex combinations of vegetables. = 
X. Finally, after vegetable liquors, or their ſolid parts moiſi 5 
ened, have paſſed to the acid ſtate, their decompoſition, cou 
tinuing under favourable circumſtances, namely a gentle 1 | 
warm temperature, expoſure to air, and the contact of water, 
leads them into putrefaction, which terminates in volatilizing f 
moſt of their principles under the form of gas. Water, carbonic 
acid, carbonated and even ſulphurated hydrogen gas, volatile oil 
m vapour, and fometimes even azotic gas and ammoniac, are 
evolved ; and after this there remains nothing but a brown o 
black reſiduum known by the name of mould, formed of carbon 
ſomewhat fat and oily, from which water ſtill extracts ſome {+ 


XI. Nature, in organizing animals, and forming * fut | ; 


of deſtruction, which developes itfelf after the death of the in- 
dividual. 

This deſtruction is effected by the movement termed putrefac- 
tion, which conſiſts in a kind of fermentation, a flow decompo- 
ſition of the ſolid or fluid ſubſtances. Their order of compoſ- 
tion, being more complex than that of vegetable matters, ret- 
ders them ſtill more ſuſceptible of the putrid decompoſition. 


XII. Animal ſubſtances compoſed of hydrogen, carbon, oxypen, | 
and azot, and frequently ſtill more complicated by the union df N 
ſulphur, phoſphorus, &c., when deprived of that movement, | 


and more particularly of that renovation, which conftitute animal 3 { 
life, are ſoon altered by more fimple attractions between thei WE 
principles, which have a tendency to unite two and two together. BW 
This reaction gives birth to binary compounds, fuch as the c: 
bonic acid, nitric acid, ammoniac, and carbonated hydrogen g] 
which gradually eſcape into the atmoſphere, proportionably * 
miniſhing the quantity of animal matter. It is thus, ir. conſe 
quencewf a natural decompoſition, that we perceive this animal 
matter ſoften, change colour and ſmell, loſe its texture and form, 
and diffuſe through the atmoſphere Vapours and gaſes, which 
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aiffolve in the air and transfer to other bodies, particularly thoſe 
of vegetables, the materials neceflary/for-their formation. 

XIII. All the phenomena of the putrefaction of animal ſub- 


| ö ſtances depend on the mechaniſm here explained. In the union 


of hydrogen and azot we perceive the formation of ammoniac, 
which has been deemed the principal offspring of putrefaction. 
The combination of carbon with oxygen explains the generation 
and evolution of carbonic acid, in which all the "myſtery of pu- 


T | trefaction was made to conſiſt, about the time when gaſes were 


firſt diſcovered. Nitric acid, to the production of which it is well 
known how much animal ſubſtances contribute in artificial nitre- 
pits, ariſes from the union of oxygen with azot. A certain quan- 
tity of hydrogen gas is extricated, and carries off with it carbon, 
ſulphur, and even phoſphorus : Hence the various noiſome ſmells, 
and perhaps the phoſphoreſcence, of all putrefying animal matter. 
BE XIV. When all theſe volatile principles have united two and 
ro together, and diffuſed themſelves in the atmoſphere, nothing 
remains but a portion of carbon, combined or mingled with fix- 
dd ſaline fubſtances, ſuch as the phoſphats of ſoda and of lime. 
Thubeſe reſidua form a ſort of mould termed animal ear**, which 
BY frequpatly retains a little ſulphurated and carbonated hydrogen 
gas, fat, and extract, and in this vegetables find in abundance 
the principles requiſite for the formation of their materials. It 
is on this account, that the reſiduum of animal matter is ſo p 


peer for manure, when ſufficiently concocted. | | 


EE XV. A certain portion of water is neceflary for this putrid 
WE decompoſition of animal ſubſtances : it furniſhes them with the 

quantity of oxygen neceſſary to the compoſition of carbonic and 
zitrid acids; and it contributes highly to the production of the 
peutrefactive movement, by the attractions of the oxygen it in- 
noduces to them. It is equally indubitable, that the hydrogen 
= arifing from the decompoſition of this water, contributes greatly 

to the formation of ammoniac : For it is a well known fact, that, 
when animal matters are diluted with a large quantity of water, 


= they furniſh abundance of ammoniae in their decompoſition. 


XVI. PutrefaCtion, conſiſting in a ſeries of particular attrac- 


tions, is modified in many different ways by external circum- 


ſtances, fuch as temperature, the medium the animal ſubſtance 
= occupies, the ſtate of the atmoſphere, whether more or leſs light 
er heavy, moiſt or dry, &c. Thus dead bodies buried in the 
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earth, immerſed in water, or ſuſpended in the air, are different. 
11 ly affected; and moreover their bulk, their quantity, their pro. 
1 | Bl. | pinquity to other bodies, and all the varying properties of the 
11 three mediums above enumerated, diverſify the effects produced. 
4 XVII. We have proofs of this aſſertion, in what happens to 

ql bodies interred ſingly, and thoſe which are buried in number 
1 heaped on one another. The former, ſurrounded with a large 
| x J quantity of earth, are ſoon deſtroyed by putrefaction.; the aer. 
LH form or liquid products of which are abſorbed by this earthy 
1 [| maſs, or by the atmoſphere. / The latter, not having around them 
FR this kind of earthy or atmoſpheric recipient, remain a long time 
14 | without being deſtroyed ; and the animal matter is wholly. con. 
verted into ammoniac and concrete oil, which are known to form 
a ſoap ſimilar to that which is found i in the * of burying-pla 
ſurcharged with dead.. 

XVIII. The phenomena api this eden of "animal 
7 ſubſtances. immerſed in water. are likewiſe' different. As new 
14 ; products are formed, the water diſſolves them, and tranſmits 
| them to the air. Continual moiſture, with a conſtant tempera- 
tute ſome degrees above 329, favours the putrefaction of theſe 
ſubſtances, and their diſſolution into a ſtate, of gas. On the cou- 
trary, a hot and dry air, volatilizing the water, deſiccates and 
hardens the bodies of animals, and preſerves them almoſt as wel 

as the dry. and * _ of Egypt, ſo ——_— in natural 
1 mummies. 
q . XIX. Though all the Wil anne of putrefaQtion; and the 
N i. almoſt innumerable varieties of the phenomena they exhibit, are 
[ i | | not yet deſcribed, or even known, we have diſcovered, that they 
| | are conſined to the converſion of complex ſubſtances into ſub- We 
„ : ſtances leis compound; that nature reſtores to new combinations N - 
1 the materials which ſhe had but lent, as it were, to vegetables X 
(| und animals; and that ſhe thus accompliſhes the perpetual circle 
of compoſitions and decompoſitions, which atteſts her power, and 
demonſtrates her fecundity, while it announces equal grandeut 
and e in the courſe of her operations, E 
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Appric ations of the Pr ti tions of the laſl Chapter. 


Beſide the ſubjects mentioned at the end of the two , prect6 
ing chapters, to which the articles of this almoſt directly appſ; 
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we find, in the ſeveral facts here enumerated, the following ap- 
| plications. 
The preſervation of all ſobanoce extracted from vegetables. 
The ſeveral ſpontaneous alteratibns they undergo, the ace- 
tous fermentation, the vinous, &c. | 
The products of theſe alterations, frequently employed for 
the purpoſes of the arts. 
The production of ammoniac and nitric acid. 
The influence of putrefaCtion in the different regions of liv- 
_ ing bodies. 
1 The contagion and maladies produced by the effluvia of pu- 
trefied ſubſtances. 
The theory of the ſituation and management of hoſpitals, 
_—_ ſinks, layſtalls, cemeteries, &c. 
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ELEMENTS 
_ 
NATURAL HISTORY 
AND OE 
CHEMISTRY. 
PART I. 
GENERARL FACTS AND OBSERVATIONS. 


CHAPTER I. 


= premvITION OF CHEMISTRY 3 METHODS OF PERFORMING OPERA- 


TIONS; ADVANTAGES DERIVED FROM THIS SCIENCE, &C. 


F2 Crurnrsrs are not generally. agreed on the moſt proper defini- 

tion of chemiſtry. Boerhaave, in his Elements, ſeems to have 
ranked it among the arts; or, to ſpeak more accurately, he has 
defined only the practical part. Chemiſtry, according to Mac- 
quer, is a ſcience, whoſe object is to diſcover the nature and pro- 
WE perties of all bodies, by their analyſis and combinations ;, and 
WE this definition is indiſputably the beſt that has yet been given. 
But as it is certain that analyſis and ſyntheſis cannot, with 
= <qual ſucceſs, be employed in all caſes where bodies are to be ex- 
EY mined, would it not have been better to have omitted mention- 
ing them in defining this ſcience ? The chemiſt cannot arrive at 
the knowledge of the properties of bodies, but by bringing them 
* into contact; and as the reſult is derived only from the mutual 
= tions of bodies on each other, we think the following defini- 
don may be properly adopted: Chemiſtry is a ſcience which ex- 
4 2 
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8 ANALYSIS. | 

plains, the intimate 10 reciprocal action of all bodies in natwe . . 

on each other. The facts hereafter to be related, will illuſtrate . 2 

this definition. To exhibit the extent of this ſcience with per. 2 

| fpicuity and order, we ſhall proceed to conſider the objects or 

315 | ſubſtances to which its reſearches or operations are directed, the | 3 

11 methods or means employed, and the advantages propoſed to be 

| 7 | 5 thence derived. | 5 3 

9 | 1 

1 | = Prater the object, the 3 and the intention of chemiſtry, = 

h | | | The objects to which the attention of the chemiſt is directech ; 

1 comprehend the whole of the ſubſtances that compoſe the globe . 

| Wh | we inhabit, whether buried in its interior parts, or found at itz 

1 i furface. Chemiſtry is, therefore, of equal extent with natura 1 

| | hiſtory, the ſame limits being common to both = 

Vi | Analyſis, or decompoſition, and ſyntheſis, or combination, are 
6 x | | the two methods which chemiſtry uſes to accompliſh its purpoſes, 
11 The firſt is nothing more than the ſeparation of bodies, whoſe 


= union formed a compound ſubſtance. Cinnabar, for example, 
is compoſed of ſulphur and mercury; the art of chemiſtry ſe. 
1 parates the two, and by that means analyzes it. Till very lately 
Ui - it has been generally thought, and there are ſtill many perſons 
| who retain the opinion, that this method is more advantageous 
in chemical reſearches than the other; This opinion had ever 
acquired ſuch place in the minds of the learned, that mafiy writ 
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| 1 N ers have defined chemiſtry to be the ſcience of analyſis. But 
ti | nothing can be more contrary to the accurate and well founded 
j if [ idea or degree of eſtimation we ought to have of decompoſition, 
| 10 In order to ſhow this important truth in its proper light, it i 
1 neceſſary to diſtinguiſn two kinds of analyſis; the true, or fim- 
Fink ple; and the falſe, or complicated. We call that the true ans 
| | | his, by which the principles of a body are obtained, without 
08 having themſelves ſuffered any alteration. The only diſtinguiſh 


ing criterion of this is, that by recombining them, a body ö 
again produced, abſolutely ſimilar to that which before was an- 
| lyzed. Cinnabar will again furniſh us with an example. When 
(008 by chemical methods, the two ſubſtances which enter into the 
0 fl 2 . compoſition of this body, namely, mercury and ſulphur, are fe- 
„ parated, they are found to be in a ſtate of purity, ſimilar to thit 
they poſſeſſed before, when united in the form of cinnabar; fo 
Why by uniting them, a body is again formed, in no reſpect differing 
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from the cinnabar originally made uſe ol Unfortunately for the 
progreſs of ſcience, this kind of analyſis is very rare. Chemiſts are 
not ſo happy as to be able to apply it to many of the bodies they 
make experiments with; for except the neutral ſalts, and ſome 
other mineral bodies, there are no other ſubſtances in nature 
TS that admit of its application. | | 
WE The falſe, or complicated analyſis, is that, by means of which, 
no other principles are ſeparated from a body; but ſuch as in 
= their original ſtate poſſeſſed ſome other form, and conſequently 
Cannot, by their re-union, compoſe again the body from which 
RS they were obtained. This kind of decompoſition takes place in 
moſt of the bodies analyſed by chemiſts ; no other condition be- 
ing requiſite, but that more than two principles enter into the 
combination to be examined, and that they have an affinity for 
each other. Many minerals, and all vegetable and animal mat- 
ters without exception, are capable of no other kind of analyſis. 
: Thus it is that ſugar, ſubmitted to diſtillation in a retort, affords 
; an acid, an oil, and a coaly reſidue, which might in vain be em- 
ployed in attempts to re-produce ſugar by combination. This 
2 kind of analyſis does not ſhow the ſtate in which the principles 
vere before their ſeparation, and cannot, therefore, afford any 
5 conſiderable information; but, on the contrary, deſerves to be 
attended to with the greateſt caution. From reſults of this 
ind, have arifen all the cenſure chemiſtry is loaded with. It 
as been urged, that bodies were deprived of their organization, 
: nnd abſolutely deſtroyed in attempts to arrive at their principles. 
Neither can it be denied, but that this cenfure has been for a long 
me deſerved ; but at preſent, the ſcience of chemiſtry, having 
; ; decome more circumſpect and enlightened, - refuſes its aſſent to 
be deceitful analyſis to which it formerly had recourſe, and poſ- 
eſſes the means of inquiring into the properties and component 
rinciples of bodies, without deſtroying or altering their nature. 
e proceeds ftill farther ; it appreciates, as we fhall ſhow in the 
emination of vegetable ſubſtances, the re- action of the prin- 
Piples upon each other, and determines the cauſes which thus 
Wodify, change, and alter thoſe principles. 
| dyntheſis, or combination, which conſtitutes the ſecond me- 
Hod of profecuting chemical inquiries, is the formation of a com- 
ound by the artificial re-union of ſeveral principles. Its utility, 
3 : * * the dependence that may be placed on the reſults it 
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would afford no very inadequate idea of chemiſtry, if we wen ſm 


| event, which has not been known till very lately. The diſco- 


The greater number of combinations of two ſubſtances, hithert, 


an imitator. The operations all depend on laws eſtabliſhed be. 


put into a ſituation proper to act on each other. Theſe imp 
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affords, renders it by much the moſt valuable method. We . 1 
may even affirm, that there is not a ſingle operation in chemiſtry, 


5 
in which ſome combination does not take place. Chemiſts do 
not ſeem to have ſufficiently attended to this important circun. MY 
ſtance. In fact, the ſynthetical operations, or events, are not. 


only more frequent, but more uſeful, than the analytical; and ii 


rather to term it the ſcience of combination, than of analyſis. Ma 
Though theſe two methods are ſometimes employed ſeparatel, 
it is nevertheleſs much more uſual to find them united. It of. 
ten happens that a true analyſis cannot be made, but by the hey BW 
of ſome combination. Falſe analyſes, or decompoſitions, are a. Mi 
ways attended with ſynthetical proceſſes, or new combination, MY 
In a word, it is not unuſual to find, that a kind of analyſis fol. | 


lows as a conſequence from certain acts of combination; a 


very of a great number of aeriform fluids, whoſe exiſtence ws 
not formerly ſo much as ſuſpected, has ſhown, that in many ope. 
rations which were ſuppoſed to be fimple combinations, an elaſtic 
inviſible fluid is diſengaged with efferveſcence, and either eſcape 
into the atmoſphere, or is received in veſſels, in which the inge- 
nuity of modern philoſophers has taught us how. to confine it ; b. 
ga 

thought to be ſimple, exhibit this kind of analyſis; and frequent er- | Ci 
amples will offer themſelves when we come to treat of neutral fas he 
From this curſory account of the analyſis and ſyntheſis of r. 
chemiſts, it is eaſy to be ſeen, that the whole art of chemiſty r. 
conſiſts in promoting the mutual actions of bodies on each other, . 
and carefully obſerving the phenomena that take place. It mul Wi 
not be forgotten, that theſe two methods are continually practiſi 
in the grand operations of nature, of which the chemiſt is o 
Wo: 
8 
gare 
. 
tant truths require to be maturely weighed and conſidered wii off 
the moſt ſerious attention, by the ſtudent who is defirous of pe : Joſu 
netrating into the depths of chemiſtry : And theſe, together with tic 
other truths explained in this firſt part, form the baſis of hs 
ſcience. | 5 s. 


tween bodies, and require nothing more, in order to their beit 
perfectly accompliſhed, than that the bodies to be examined be 
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Hence it is very eaſy to form an idea of the end or intention 

of chemiſtry, which is erroneouſly ſaid to conſiſt in the diſcovery 
of the principles of bodies. For it is clearly ſhown, that there 
are many bodies that cannot be ſeparated into principles, but are 
ſimple ſubſtances, as far as our preſent knowledge extends; yet 
theſe, though not ſuſceptible of analyſis, muſt have chemical pro- 
perties, or powers of acting on other bodies, and of forming 
combinations with them. The true purpoſe or intention of 
chemiſtry therefore, is to inquire into the action of natural 
# : bodies on each other; to diſcover the order of their combina- 
tions; to eſtimate the force with which they tend to combine, 
5 2 and to remain in a ſtate of combination. 
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( 2. Concerning the uſeful purpoſes to which Chemiſtry ts applica 


To give a view of the numerous advantages mankind derive 
rom this ſcience, would require a ſeparate treatiſe z and as the 
ature of this work does not admit of our purſuing that ſubject 
Et large, we ſhall content ourſelves with exhibiting the principal 
outlines, and dwelling more particularly on ſuch ſubjects, as in 
dur opinion have not been ſeen in a proper point of view. 

The great number of arts that are indebted to chemiſtry, may 
: e ranged under two principal diviſions. The firſt comprehends 
il the mechanical arts, which are reducible to geometrical prin- 
iples. The ſecond contains all thoſe arts, whoſe manipulations 
Pepend on chemiſtry, and may be properly termed chemical arts. 
Vis laſt claſs is much more numerous than the other. As they 
ie all founded on chemical phenomena, it is eaſy to imagine 
it the rules of chemiſtry ought to direct the practice, and that 
is ſcience may fimpliſy the proceſſes by new diſcoveries, render 
Heir ſucceſs more certain, and even extend their limits. Among 
ee are, 1. The arts of making bricks, tiles, and the varieties of 
Pottery; all which conſiſt in the preparation of different kinds of 
ay, and bringing them, dy baking, to the requiſite degree of 
erdneſs. 2. The art of glaſs-making, which, by uniting a vi- 
WP fable earth with a ſaline ſubſtance, produces a new ſubſtance, 


ih 3 olfeſſing great hardneſs, tranſparency, and durability, on ex- 
p S jolure to the air; a wonderful art, which, in-its various appli- 
n a 


tions, has been of the moſt efſential ſervice to mankind. 3- The 
Its of extracting metals from their ores, of caſting, of purify- 
Pg, or of alloying them with each other, owe their origin and 
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on this ſubject, will determine, that ſuch as are neceſſarily a 


attention to chemiſtry. By theſe means, and by theſe alone, 
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progreſs to chemiſtry, and daily receive new advantages from the 
fame ſource. 4. The vegetable kingdom affords materials to 
great number of arts, which, like the foregoing, are under the 
dominion of chemiſtry : The arts of converting ſaccharine juice, MY 
or farinaceous bodies, into vinous liquors; of extracting fron 
thoſe liquors the ardent ſpirit they contain; of ſeparating the : 
ſpirit from the water, with which it is diluted in its firſt ſtate; 
of uniting this ſpirit to the. aromatic parts of plants: The 1 
of extracting the colouring matter of plants, and applying it v = 
different ſtuffs : Of changing wine into vinegar, and uniting thi | 
laſt with various ſubſtances ; of ſeparating from grain and other 
parts of vegetables, the precious matter deſtined to form breal; MW 
2 digeſtible and light ſubſtance prepared from a dry and inſipy 
fatinaceous powder; all theſe arts, and a very great number a 
others that cannot be enumerated in this place, are entirch = | 
chemical, and are indebted to that ſcience for their preſent per 
feCtion, and, in many inſtances, for their firſt invention. ; 

This valuable ſcience has claims equally extenſive and impo 
tant on the arts that convert the parts of animals to our uſe and 
advantage. Among theſe is the uſeful, though too little conl- 
dered, art of cookery, whoſe true purpoſe is lefs to flatter th 
organs of taſte by capricious variations of form and flavour, tha 
to render aliments of eaſy digeftion by developing their tafte h 
boiling, or by mild and natural ſeaſoning. The arts of dreſing 
tanning, and currying ſkins, and of making hats, are of the ſane 1 
claſs ; but one of the moſt important arts which occupies ti 
middle rank between the arts, properly fo called, and the ſciences 
and to which it is particularly uſeful, is pharmacy. Every pe- 
ſon concerned in pharmacy, has need of a very extended know 
ledge of chemiſtry, in order to know the alterations the matte 
he uſes are ſubject to, that he may prevent and correct then; 
to diſcover the changes compound medicines undergo z and, i 
a word, to determine inſtantly the combinations and decomp- 
ſitions that may follow from the mixture of ſimple drugs in es 
temporaneous preſcriptions. Every impartial perſon who refled 
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ployed in pharmacy, ſhould, after acquiring the previous know 
ledge of natural hiſtory, indifpenſable in becoming acquaintt 
with the Materia Medica, pay the moſt ſerious and unremittel 
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1 | is, that the art of medicine can be reduced to principles, and 
| rendered equal to-the performance of thoſe ſervices, which have 
long ſince placed it in the honourable eſtimation of ſociety. 
A very tranſient proſpect of the ſciences, will ſufficiently ſhow 
1 the great benefits which they may derive from chemiſtry. Na- 
W tural hiſtory is among thoſe that receive the higheſt advan- 
tages from it. The characters employed by the early naturaliſts 
to diſtinguiſh minerals, were taken only from their phyſical pro- 
perties, as colour, form, conſiſtence, &c. z but theſe properties 
being ſubject to great variation, the bodies mentioned or deſcrib- 
cam by the ancient philoſophers are no longer known, and the 
= immenſe labours of the Grit naturaliſts are almoſt entirely loſt. 
re moderns have perceived, that in order to avoid this incon- 
: W renience, fo deſtructive to the progreſs of natural hiſtory, it was 
- neceſſary to follow another method. The method of chemical 
WE analyſis appeared to deſerve the preference; and the buſineſs is 
already in ſuch forwardneſs, that claſſes are eſtabliſhed among 
minerals, founded on the nature and quantity of the principles 
= which enter into their compoſition. It is to the labours of 
"RAE Mefirs. Bergman, Bayen, Monnet, &c. that we are indebted for 
che advancement of this part of natural hiſtory. Wallerius, 
W Cronſtedt, and ſeveral other learned men, began the taſk of claſ- 
eng mineralogy upon chemical principles. M. Bucquet, in his 
utter courſes of lectures, improved on the knowledge theſe two 
celebrated naturaliſts have tranſmitted to us, by adopting a me- 
thod of claſſing minerals on principles entirely chemical. M. 
Gage, who has analyzed a great number of minerals, has follow- 
ed a method purely chemical in his diſpoſition of theſe bodies; 
nd, though his theory has not yet been adopted by any chemiſt, 
it is certain that mineralogy is under great obligations to him; 
and that he ranks among thoſe who have cultivated it with the 
Lereateſt ſucceſs in France. M. Daubenton has availed himſelf of 
WY tbe labours of all his cotemporaries, and has adopted their me- 
n ; : thods and concluſions with that caution, which is the true cha- 
15 racter of a philoſopher, whoſe only aim is to diſcover and obtain 
5 the truth, ſeparated from the numerous uncertainties and errors, 
ich which, unhappily for mankind, it is too often attended. 
* 5 Nothing, therefore, can be ſhown more evidently than the advan- 
= gc reſulting from the application of chemiſtry to natural hiſ- 
WY as it is the only means of removing that obſcurity that mult 
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they make their experiments, in order that they may be under. 


them, and of reſtoring to chemiſtry that eſtimation it has unjuſt 
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cannot be a doubt but it will be found of the higheſt utility to 


- commence with the anatomical hiſtory of man, and of animals. 
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attend ſimple deſcriptions of external appearances. The juſt ani | I 
truly valuable obſervation of M. Daubenton, deſerves to be cou 
ſtantly attended to by all chemical philoſophers. He warn; 
them to be very careful in deſcribing the ſpecimens on which 


ſtood by all naturaliſts, and to avoid that confuſion, which, ac. 
cording to that celebrated profeſſor, prevails throughout the work; 
of many modern chemiſts. We have found no other means of 
avoiding this error, than that of uniting both ſciences in our lec. 
tures, and aſſociating the knowledge obtained from the works af 
naturaliſts, with that which chemical experiments daily produce, 

It is not ſo clearly determined in the opinion of the world in 
general, that chemiſtry is uſeful in medicine. The errors of the 
chemical phyſicians of the laſt century, and the indifference many 
practitioners of the preſent time ſeem to have for this ſcience, 
have produced a diſadvantageous opinion in the minds of many 
perſons, which time alone can remove. In the mean time, how. 
ever, it would be more prudent, inſtead of entertaining an il. 
founded prejudice, to inquire with impartiality into the cauſe of 
the errors committed by chemiſts, into the means of preventing 


ly been deprived of. If the enthuſiaſm of the firft phyſicians 
who cultivated chemiſtry, miſled them, it does not follow that 
any concluſion can be drawn from thence that may be applied v 
the preſent time. The exactneſs which the moderns have intro- 
duced into every part of experimental philoſophy, ought to re. 
move the apprehenſions of ſuch, as for want of acquaintance 
with the ſubject, are apt to imagine that chemiſtry is ſtill tle 
dark, myſterious ſcience it was a century ago. By a due atten- 
tion to the extent of its powers, and a careful uſe of them, there 


medicine. After this acknowledgment of the wanderings of 
the early chemiſts, let us finiſh the juſtification of the ſcience, 
by inquiring what departments of medicine are capable of de- 


riving the greateſt advantages from its aſſiſtance. The two great FE” 
branches of this vaſt ſcience, are theory and practice; which WR - 
ought not to be ſeparated from each other, as ſome authors hare > 
thought fit to do. The ſtudy of medicine ought neceſſarily t. : 


Anatomy can only be employed on the ſolids. But phyfclo- 
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giſts muſt be well aware; that the greateſt part of animal bodies 
18 formed of fluids; by the motion of which, life is maintain- 
ed. If, therefore, the attention were . confined to the veſſels, 
without attempting to arrive at the nature and properties of theſe 
fluids, we ſhould be acquainted only with a part of the living 
economy. It belongs to chemiſtry to examine them; and it is 
chemiſtry alone, that can throw any light on their compoſition, 
and the changes they undergo, by the proceſſes there carried 
on during life. We cannot avoid having recourſe to this ſcience, 


nin our endeavours to diſcover the true mechaniſm of the animal 


functions; the properties of the fluids ſeparated by the diffe- 
rent viſcera 3 or the alterations ſuch fluids undergo during their 
time of remaining in the reſervoirs into which they are ſecreted, 
to underſtand the changes produced-in them by motion, by heat, 


d : and by their admixture with other fluids, &c. A knowledge 


of the compoſition of animal fluids being once acquired, it will 


F : | be neceſſary to enlarge and multiply our reſearches on ſubjects 


of different age, ſex, and temperament, in various climates and 
ſeaſons; and to purſue them among the different claſſes of ani- 
mals; that by eſtabliſhing uſeful points 1 n the li- 
mits of ſeience may be extended. 

== The labour of the medical inquirer, is not FPS to the 
WS ſtudy and examination of the properties of animal fluids in a 
ſtate of health; but requires to be carried farther. The kinds 


f of alterations they are ſubject to, in the ſeveral diſorders that 
afflict the human frame, muſt be inquired into. A diſcovery 
WE what part of the animal liquids predominate in inflammatory, 


WE putrid, ſcorbutic, or fcrophulous diſorders; or the analytical 
knowledge of the ſaline ſubſtances developed, and the nature of 
the extravaſated matter, with numberleſs other objects of re- 
ſearch, cannot but be of the utmoſt value and importance in 
the ſcience of medicine. We think it equally neceſſary to ex- 
amine the ſolids, by chemical methods, as well in the found as 


n che diſcaſed ſtate; and, by a compariſon of their properties, 
WE cndeavour to diſcover to which of the fluids they owe their for- 


; mation; and this being known, we may proceed to conjecture, 
1 in morbific diſpoſitions, the ſolid or fluid that has ſuffered a 
E change. This poſition, which we lightly mention in this place, 
Vill be more largely explained in the chapters relating to — 
== batters, 
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| If it be thus eſtabliſhed, that the theory of medicine is capable 
of receiving the moſt eſſential advantages from chemiſtry, it is 
equally certain that the practice is no leſs in. need of the ſame 
aſſiſtance; ſince both muſt of neceſſity accompany each other, 
and are promoted by the ſame means. And, in fact, it is ealy 
to ſhow the immediate dependence of the practice upon the ſci- Wm 
ence we are juſtly commending, without having recourſe to tile 
UE ſecondary advantage the practical part of medicine cannot but 
1 receive from every real improvement of the theory. To begin 
| | I! | with the art of preſerving health : Nothing can be more evident 5 
| than that the choice of aliments and of air, cannot be made wii! 
any certainty, but in conſequence of chemical reſearches into tie 
nature of foods, and the properties of the atmoſpheric fluid, 
Chemiſts alone can inform us of the quantity of nutritive matter 
contained in the aliments we make uſe of; the tate it is found Mi 
in; the nature and quantity of the ſubſtances it may be combin. 
ed with; the means of extraCting, purifying, and preparing i, 
ſuitably to different ſtomachs 3 or of giving it the due degree of 
attenuation appropriated to every conſtitution of the internal parts 
It is to this ſcience that we mutt apply for information, reſpet- 
ing the nature of the fluids that ſerve us for drink; the propertis 
which water ought to poſſeſs for the purpoſes of life, and tie 
means of examining into its purity, or diſcovering thoſe ſubitan- . ; 3 
ces that vitiate it, but particularly the method of rendering iti 
ſalubrious, ſo that it may be drank with ſafety; the principles and : 
properties of fermented liquors z and the methods of examining 
into their compoſition, as well as to determine their ſalubrity, MW ! 
as the adulterations which they may have undergone. In a word, t 
1 
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it is chemiſtry which ſhows the properties of the air which we re- 
ſpire, and without which, life could not for a moment be ſup- 


ported. The changes this ſubtle fluid is liable to, from various r 
agents, and the nature of thoſe agents, the truly precious means WY 4 
of correcting its bad qualities, and rendering it fitter for thy ! 
grand purpoſe of reſpiration, are among the diſcoveries of mo- | F 


dern chemiſts. The efficacy of theſe means is eſtabliſhed on the 
ſureſt grounds, as ſhall afterwards be ſhown in the hiſtory of air, 
: The phyſician ought not to make uſe of medicines, unleſs he 
is acquainted with their nature; and in the inquiry, he mull 

have recourſe to chemiſtry. This truth has been always ſo well 
eſtabliſhed, that writers on the Materia Medica have claſſed ths 


ni 
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properties; and in theſe caſes the phyſician may reaſon and con- 


ſorbent earths, and even the alkalis adminiſtered on ſuch occa- 
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medicaments according to their chemical principles. The obſer- 
vation of all ages has ſhown, that there is an intimate connec- 


Z tion between the taſte of drugs, and the manner of their acting 


on the human frame; ſo that a good judgment may be formed 


| of the medical properties of a ſubſtance from 1ts taſte, 'Thus it 
z chat bitters are ſtomachic, infipid ſubſtances are mild and re- 


laxing, ſweet and ſaccharine ſubſtances nutritive, and acrid mat- 
ters are aCtive, penetrating, and inciſive. Now, as the taſte is tru- 
ly a chemical property, depending entirely on the tendency of 
bodies to combination, as we ſhall elſewhere ſhow, chemiſtry 


| muſt of courſe be of great ſervice in the adminiſtration of medi- 
cines. It muſt not, however, be concluded according to the 


chemiſts of the laſt century, that the ſtomach reſembles a veſſel, 


in which operations, are performed as in a chemical laboratory. 


The inteſtines are endued with ſenſibility, and a peculiar mo- 
tion, that modify the nature and effects of remedies z and the 
diſcretion of an enlightened obſerver, ought always to regulate 


his imagination, fo as to prevent his falling into any ridiculous 


hypotheſis. It cannot be denied, but there are cafes wherein 
medicines act in the firſt paſſages by means of their chemical 


duct himſelf according to immediate deduCtions from chemical 
principles, Thus it is proved, by long experience, that in the 


diſeaſes of infants, the ſtomach and inteſtines are coated with a 


tenacious viſcous matter, of a manifeſtly acid nature. The ab- 


| : | Lions, deſtroy this acid by combining with it, and form a neu- 


tral purgative ſalt that evacuates this noxious matter, by ſtimu- 
lating the inteſtines. Every diſorder which is attended with an 
accumulation of obſtructing matter in the firſt paſſages, neceſſa- 
rily demands a knowledge of chemiſtry in the exhibition of me- 
dicines, ſince it is certain that ſome ſubſtances act more power- 


fully on this matter than others, as acids for inſtance on putrid 


1 laburræ, and neutral ſalts on thick and glairy ſubſtances. But the 


greateſt advantage the practitioner can derive from this know- 


. | ledge, is, without doubt, in thoſe unhappy caſes, wherein by 


miſtake or deſign, corroſive ſubſtances have been taken that might 
prove mortal by attacking the viſcera, and deſtroying their orga- 
nization. Chemiſtry then lends its ready an eſtimable aid to 
medicine, by affording ſubſtances capable of changing the nature 
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power and efficacy, are the products of chemiſtry z and that the 


to cultivate both theſe ſciences, it ſhall be my object to contribute 
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of the poiſon by decompoſition z or of otherwiſe immediately 
ſtopping its pernicious effects. The work of M. Navier, a cele. 
brated medical chemiſt of Chalons, points out the moſt eſſica. 
cious means of preventing the deſtructive -conſequences of the 
poiſons of arſenic, corroſive ſublimate, verdegriſe, and the pre. 
parations of lead; and notwithſtanding the declamations of cer- 
tain phyſicians, who ſeem defirous of excluding the ſciences fron 
the practice of medicine, his work will receive the tribute of 
gratitude from poſterity. 
Chemiſtry is not adequate to the a the effects of 
all poiſons, but there is good reaſon to hope, that reſearches in. 
to the nature of vegetable and animal poiſons, if made with {il 


and care, would be attended with the diſcovery of remedies of | 7 


ſufficient power to counteract them. Opium, and all narcotic 
vegetables, the acrid and cauftic juices, ſuch as thoſe of ſpurge 
and euphorbium, the poiſonous plants, and more eſpecially the 
fungi, demand the particular attention of chemiſts, for the di- 
covery of ſubſtances proper to obviate their dangerous effed, 
With no leſs utility, an inquiry might be made into the animal 
poiſons. We are already acquainted with the acid of ants, from 
the experiments of Margraaf and Fontana. Thouvenel has di- 
covered ſeveral acrid matters in cantharides. Mead has made re- 
ſearches on the poiſon of the viper. Fontana has purſued the 
fame ſubject, and has diſcovered that the lapis cauſticus imme- 
diately introduced into the wound made by this reptile, decom. 
poſes or alters the poiſon, and prevents its deadly effects. 

If it be poſſible, after what has been ſaid, to ſuppoſe that che- 
miſtry is not equal to the performance of the deſirable effects 
here pointed out, yet no one can deny that the ſcience of medi- 
cine is indebted to it for many uſeful remedies. It can never be 
forgotten that ſtibiated tartar, that heroic remedy, the uſe of which 
is at preſent ſo univerſal in France, with all the mercurial, ant 
monial, and martial preparations which are poſſeſſed of fuck 


gratitude and encouragement of medical profeſſors, as. well as the 
public in general, is due to ſuch as devote themſelves to its im. 
provement. For my own part, led by taſte as well as ſituation, 


with zeal to their advancement. I ſhall diſregard entirely the de- 
clamations of thoſe, who being but imperſectly acquaiuted wid 
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chemiſtry, have laboured to prove its uſeleſſneſs to medicine. 1 
have devoted myſelf to the ſtudy of animal chemiſtry, and thall 
follow with ardour the labours already ſo well begun by the learn- 
ed chemiſts who have preceded me in this uſeful career. 
To tonclude our obſervations on the utility of chemiſtry to me- 
dicine, we ſhall only add, that a knowledge of the former is ne- 
ceſſary, in order to draw up a preſcription for any compound me- 
dicine to be made up'by the apothecary. It happens daily, that 
WE perſons unacquainted with chemiſtry, commit the groſſeſt errors 
in their extemporaneous formulz, by mixing together ſubſtan- 
ces that either become changed by mutual decompoſition, or elſe 
: ö refuſe to unite at all. In the caſe of decompoſition, the medi- 
1 eine cannot produce the effect, which the phyſician from his ac- 
quaintance with the component matter, was led to expect. Such 
errors, ſo prejudicial to the health of the patient, are no other- 
wiſe to be avoided, but by a knowledge of chemiſtry. It teaches 
to unite together ſubſtances capable of combining without decom- 
poſition; it regulates and determines the proceſſes neceſſary for the 
preparation of compound medicines into which. ſubſtances of dif- 
| WEE ferent natures are made to enter; in a word it is the only guide 
| f in all pharmaceutic preparations. Without this guide, the phy- 3 
WT fician is not only liable to the occaſional faults we have pointed 
out, but to numberleſs others, which though of leſs eſſential con- 
ſequence, muſt expoſe his ignorance to the apothecary ; who, in 
dhe practice of his own art, cannot but be acquainted with a con- 
ſiderable number of chemical facts. 


* WE The uſefulneſs of chemiſtry in the arts, and the reſemblance 
between its proceſſes and the manipulations of artiſts, have often 
- WE cauſed it to be confounded either with alchemy or pharmacy, by 
perſons ignorant enough to unite objects in their own nature ſo 
remote from each other. In the opinion of ſuch, the chemiſt is 
ar artiſt inceflantly employed in the vain ſearch of the philoſo- 
i WS pher's ſtone. But thoſe who have acquired the leaſt knowledge 
of true chemiſtry and its purpoſes, will readily perceive the im- 
mmenſe diſtance between the ridiculous and abſurd pretenſions of 


be alchemiſt, and the enlightened chemiſt; and more eſpecially 
he difference between the regular proceedings of the latter, com- 
BY pred with the inconſiſtent and uſeleſs proceſſes of the former. 
he error of the many, who regard chemiſtry as the art of pre- 
5 paring drugs, is much more pardonable; becauſe it does not con- 
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ingeniouſly obſerves, are the workmen of an art that has no ex. 


dies on each other; to the great improvement of natural philoſo- 
phy, which! in ma_y of its moſt important parts is panty che- 
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found chemiſts with the ignorant, and, at beſt, the uſeleſs ope. 
rators of what is called the Grand Work, who, as Macquer 


iſtence z but aſſociates them with a reſpectable claſs of artiſts, E 
whoſe labours are neceſſary to ſociety. But pharmacy being . 8 
nothing more than a part of chemiſtry, or one of the many ars 
that are dependent on, or benefited by, its principles, the per. 

ſon who regards chemiſtry as the art of preparing remedies, wil 

have but a very limited idea of this experimental ſcience : a ſci. 

ence of ſuch ſublimity and vaſt extent, that it not only contain 
within itſelf the much greater part of the numerous arts that dif. 
tinguiſh civilized nations from ſayages, but extends its reſearche | 
univerſally to the mutual actions of the component parts of bo- 


mical. 


CHAPTER II. 


THE HISTORY OF CHEMISTRY. 
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Hz who devotes himſelf to the ſtudy of any ſcience, ought not 
to be ignorant of the outlines of its hiſtory. For ſuch a hiſtory, 
being a relation of ſcientific facts, fixes the dates of diſcoveries 
points out the errors of our predeceflors, and indicates the path that 
leads to ſucceſs. But as it might not tend to promote the immediate 
purpoſe of this treatiſe, if we were to do dwell on ſubjects that 
are in ſome meaſure foreign to it, we ſhall exhibit nothing more 
than the outlines of this hiſtory ; without entering minutely into 
particulars, which may be found at length in many well written 


her 


books. In particular, the treatiſe of Olaus Borrichius de ortu et | 
progreſſu Chemiæ, the article Chimie in the Dictionnaire Ency: | 
elopedique, the diſcourſe at the head of Senac's Chemiſtij, | 
PHiſtoire de la Philoſophie Hermetique, by the Abbe Lenglet du ? 
Freſnoy, the firſt chapter of Boerhaave's Chemiſtry, the Preli 
minary Diſcourſe to Macquer's Dictionary, &c. may be conſulted : 
for this purpoſe. 

For the purpoſe of exhibiting in a conciſe and methodical man- P 


ner, the progreſs of the human mind in the ſtudy of chemiſti 
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and the ſeveral advances made therein from time to _ we 
ſhall divide our hiſtory into fix rn epochas. 


an FIRST. 


The origin of Chemiſtry among the E. gyptians, and its prog reſs among 
the Greeks. 


The * of chemiſtry is not leſs obſcure than that of the 
other ſciences and arts in general. The patriarch Tubal Cain, 
who lived before the deluge, is ſaid to be the firſt chemiſt ; but 


b ; | his knowledge 1s not affirmed to have extended beyond the work- 


ing of metals. This man ſeems to have been the ſame, who is 
ſpoken of in fabulous hiſtory under the name of Vulcan, 

It is among the Egyptians that we ought to place the true ori- 
gin of this ſcience, The firſt of this nation, of whom mention 
is made as a chemiſt, is, according to Lenglet du Freſnoy, Thoth 
or Athotis, ſurnamed Hermes or Mercury. He was the ſon of 


i | Meztaim, or Ofiris, and grandion of n He became king 


of Thebes. 
The ſecond king of Egypt, who was likewiſe 2 philoſopher, 


vas named Sephoas. He lived 800 years after Athotis, and 1900 


before Jeſus Chriſt. The Greeks have given him the ſurname of 
Hermes, or Hermes Triſmegiſtus. He is the ſecond Mercury, 


end is eſteemed as the inventor of natural philoſophy. Several 


hiſtorians have tranſmitted to us the titles of his works on philo- 
ſophy, which conſiſted of forty-two books. It does not appear 
that any of them treated of chemiſtry, though the ſcience has 
been called after him, the Hermetic Philoſophy. 

Our information reſpecting the cultivation of chemiſtry in 
Eygpt, is very uncertain, It ſeems, however, that this ſcience 
made great progreſs in that country, ſince the Egyptians were 
in poſſeſſion of a great number of chemical arts; and in parti- 
cular, that of imitating precious ſtones ; of caſting and work- 
ing metals; of painting on glaſs, &c.; but the chemiſtry, as 
well as the other arts and ſciences of this ancient people, are 
loſt. Their prieſts concealed them from the vulgar as myſteries, 
and only recorded them under the veil of hieroglyphics. The 


| 1 alchemiſts have perſuaded themſelves that ſome traces of their 


pretended art is to be found among theſe; and that the temple, 
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which the Egyptians conſecrated to Vulcan, was in lionour of 
alchemy 

The Iſraelites lexvtied chemiſtry from the Raving Moſes is 
placed in the number of chemiſts, becauſe of the knowledge by 
which he was enabled to diſſolve the idol of gold that 5 
adored. It has been thought, and Stahl has written a diſſertation 


to prove it, that this ſolution of gold in water was performed 


by the help of liver of ſulphur; a proceſs which ſuppoſes a knoy. 
ledge of chemiſtry of conſiderable extent. 

Democritus of Abdera, who lived about goo years before 
Chriſt, travelled into Egypt, Chaldea, Perſia, &c.; and it is af. 
firmed, that he became acquainted with chemiſts in the firſt of 
theſe countries. Though the fon of a man ſufficiently rich to re- 
ceive and entertain Xerxes and all his attendants, he returned 
very poor to his own country, where he was received by his bro- 
ther Damaſſus. In his retirement in a garden, near the walls of 
Abdera, he employed himſelf-in reſearches into the nature of 
plants and precious ſtones. Cicero affirms, that in order that he 
might not be diſturbed from his ſpeculations by external objects, 
he deſtroyed- his fight, by keeping his eyes for a time fixed on 
the bright reflection of the ſolar rays, from a veſſel of poliſhed 
copper; a fact which, however, is denied by Plutarch. Pliny 
had ſo great a degree of efteem and veneration for the know- 
tedge of Democritus, that he even thought it miraculous. 

There are ſome authors who reckon Cleopatra among the che- 
miſts, becauſe ſhe knew how to diſſolve pearls. They affirm, 
that the art of chemiſtry, well known to all the Egyptian prieſts, 


vas conſtantly practiſed by that people, till the time of Diocle- 


fian, who, according to Suidas, thought fit to cauſe their books 
to be bumed, that he might ſubdue them with more facility. 


EPOCHA SECOND. 
The Chemiſtry of the Arabians. 


After a long feries of ages, during which it is not poſſible to 
follow the progreſs of chemiſtry through the revolutions of em- 


pires, we find ſome traces of this ſcience among the Arabians, 


who cultivated it with ſucceſs. 
During the dynaſty of the Achemides or Abaſſides, the ſciences, 
which had been. long abandoned, were reſtored to their vigout 
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Aimanzor, the ſecond Califf, devoted himſelf to aſtronomy. 
Harum Raſchid, the fifth Califf, and cotemporary with Charle- 
magne, cauſed ſeveral books n to chemiſtry to be tranſlat- 
ed from the Greek. 
2 In the ninth century, Geber of Thus, in Chorazan, a pro- 
| vince of Perſia, wrote three works on chemiſtry, in which we 
and ſome tolerably good things. His beſt treatiſe is intituled, 
| Lumma perfectionis Magiſterii, He has written with conſider- 
able perſpicuity on diſtillation, calcination, and the reduction 
and ſolution of metals. 

In the tenth century, Rhaſes, a phyſician of the hoſpital at 
Bagdat, firſt applied chemiſtry to medicine. Some 1 his phar- 
maceutic preſcriptions are {till in eſteem. 

In the eleventh century, Avicen, a 8 likewiſe applied 
chemiſtry to medicine. His merit and knowledge raiſed him to 
SE the office of Grand Vizier; but the debauched life he led was 
RJ the cauſe of his being ON from that office. 


EPOCHA THIRD. 


The tranſition of Chemiſtry from the Eaſt to the We gen parts of 
the world during the Cruſades. The reigh of Alchemy. 


The art of making gold was in requeſt for a long time, ac- 
BE cording to the authors who have written concerning it; but the 
ES folly which gave birth to it was at its heighth during the inter- 
ul between the eleventh and ſixteenth centuries. The chemical 
acts diſcovered by the Egyptians, collected by the Greeks, and 
ypplied to medicine by the Arabians, came to the knowledge of 
be four nations who travelled into the eaſt during the cruſades; 
namely, the Germans, Engliſh, French, and Italians z and each 
cf theſe nations became immediately filled with ſearchers after 
dhe philoſopher's ſtone. As the immenſe labours to which they 
devoted themſelves have contributed greatly to the advancement 
Jof chemiſtry, it is neceſſary to be acquainted with ſuch of theſe 
extraordinary men as have moſt diſtinguiſhed themſelves. 
During the thirteenth century, Albert the Great, a Domi- 
can of Cologn, and afterwards of Ratiſbon, acquired the re- 
E putation of being a magician, and has left a work full of alche- 
mical proceſſes. 

Roger Bacon, born in 1 214, near Ilcheſter, in the county of 
6 
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j Somerſet, ſtudied at Oxford. He repaired to Paris to ſtudy ie 

b mathematics and medicine. Many inventions are attribute : 

| to him; any one alone of which would have been ſufficieu {MY 

| to have rendered his name immortal. Among theſe are the c. 

0 mera obſcura, the teleſcope, gun powder; he is affirmed to hatt E 

| made a ſelf-moving chariot, a ſpeaking head, a flying machine, &, Mi 

| | He was a cordelier, and was ſurnamed the Admirable Docto, Rm 

: | An accuſation of magic being preferred againſt him, cauſed hi; ; 
1 brethren to impriſon him. He retired to a houſe near Oxford, 
Þ if where it is ſaid he worked in alchemy. Borrichius ſaw the houls 9 

1 7 which was till known by his name *. Pl 
| | 1 | lf | | Arnold of Villeneuve, born in Languedoc, in 1245, and die ö ; 
11. in 1310, ſtudied medicine at Paris during 30 years. He wrote! 
140% commentary on the Epiſtle of the Schola Salernitana. The . 
1 i 10 chemiſts efteem him as one of their greateſt maſters. Borriching 1 


e ie 


Kt 04 | in the year 1664, ſaw one of his deſcendants, an alchemiſt, in 

| | Languedoc. 

The fourteenth century. Raymond Lullius was born at M. 
Jorca in 1235, came to Paris in 1281, where he became the dif 
ciple of Arnold de Villeneuve. Robert Conſtantin affirms ts 

1 have himſelf ſeen one of the Roſe Nobles that were ſtruck in the 

VN Tower of London, out of the gold made by him, during the reign 

111401108 of Edward the Fifth, in the years 1312 and 1313. He wrot 

100 | ſome books on alchemy, in which are to be found ſome fad 

MAW concerning the preparation of acids, or aqua fortis, and on tlt 

1 properties of metals. | | 

10 The fifteenth century. Baſilius Valentinus, a Benedictine d 
' Erfort in Germany, was well acquainted with medicine and m. 
| 1 112 | tural hiſtory, , He compoſed a book on antimony, to which is 

[14 118 | gave the pompous title of “ Currus Triumphalis Antimoni, 

1 | which was commented on by Kerkringius. In this book we find 

140 nà great number of antimonial preparations that have fince ber 

| if [ | offered to the world under different new names, and have bei 

9 adminiſtred in the cure of diſorders with great ſucceſs. 
Iſaacus Hollandus the father, and his fon of the ſame nam!, 
. have written books praiſed by Boerhaave, from which it appear, 

1 * that they were acquainted with the properties of aqua fortis, an 

wh l | aqua regia: 
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N All theſe authors have in general written in the moſt obſcure 
nnd confuſed manner on the chemical art; and though they were 
acquainted with ſome proceſſes of diſſolution, extraction, purifi- 
cation, &c their pretenſions were greatly beyond their knowledge, 
and ſcarcely any advantage can be derived from their labours. | 


4 | EPOCHA FOURTH. | 

: ; The univerſal Medicine; Pharmacentic Chem ry Alchemy oppoſed; 

| from the ſixteenth to the middle af the ſeventeenth century. 

= The bad ſucceſs of the alchemiſts, and the ruin of their for- 
E : tunes and reputation, were ſo far from diſcouraging chemical en- 
errpriſes, that we find a prodigious number of perſons during the 

kx ſixteenth century, encouraged and ſupported by the enthuſiaſm 


1 FE phyſician, named Paracelſus, who was born near 
Zurich, in 1493. This impetuous man pretended that there ex- 


iſted an univerſal remedy, He ſubſtituted chemical medicaments 
. ; J in the ſtead of thoſe of the Galenical pharmacy then in uſe, and 

cured many diſorders by mercurial preparations, which were 
chen deemed ſcarcely curable, more eſpecially thoſe of the vene- 
/ real kind. His miraculous cures ſeemed prodigious ; but tranſ- 
ported by ſucceſs far beyond the bounds within which he ought 


| : Greek phyſicians. He died in the midſt of his triumphs in an 
in at Salrzburgh, at the age of 48 years, after having promiſed 
imſelf immortality by the uſe of his ſecrets. | 

his folly, highly extravagant as it was, revived the ardour of 


ad ſucceeded in the diſcovery of the univerſal medicine, digni- 
ed themſelves by aſſuming tlie new title of adepts. Such were, 
WS: the commencement of the ſeventeenth century,. 360 
he Roſicrucians, a kind of ſociety formed in Germany, 
N 5 H which nothing more was ever known in France but the title, 
ad whoſe numbers continued unknown. Theſe pretended bro- 
| ers affirmed, that they were in poſſeſſion of the ſecrets of tranſ- 
WP utation, of the univerſal ſcience, and medicine; with the ſcience 
occult things, &c._ 1 

= 2 A Coſmopolite, named Alexander Sethon, or Sidon, who 
ertormed the work of tranſmutation before a perſon of the 


A 75 of Hauſſen. This laſt related the fact to Vander Linden, 
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: to have confined himſelf, he publicly burned the books of the 


; : the alchemiſts. Some among them, who vainly imagined they 
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the er of the en of that name, who collected 1 


medical library. 


3- Another named Thomas de Tag, bord in England in 


1612. He travelled into America, where Starkey received gold ; 


from him. He correſponded with Boyle. This is the fame 
adept, who in France gave his powder of projection to Hel. 
vetius. The latter, after this pretended miracle, which wy 
nothing more than an artful trick, wrote a diſſertation « Dew 
cc 1tulo aureo, &c.” 

The ſucceſs that attended the adminiſtration of chemical me- 


dicines by Paracelſus, was productive however of ſome pern. 


nently good effects; for it induced ſeveral men of abilities to 


enter into the inquiry, and to write uſeful works en the prepars- a 


tion of chemical medicines. Such are the writings of Crollius 
Schroder, Zwelfer, Glaſer, Tachenius, Lemery, &. and the 


Pharmacopeiz, publiſhed by ſeveral faculties of medicine. 


Glauber, a German chemiſt, about this time rendered an ei. 
ſential ſervice to chemiſtry, in examining the reſidues of opers 
tions, which former operators had always thrown aſide as uſeleſz 
and diſtinguiſhed by the names of caput mortuum, or terra dam. 
nata. By this means he diſcovered the ſalt named after him, 
and the vitriolic ammoniac ; and threw great light on the chemi- 
cal proceſſes for preparing mineral acids, &c. 

Some of the promoters of chemical ſcience ſubſequent to Pan 
eelſus, were not entirely cleared of the ideas his ungovernel 
imagination gave birth to. Such were Caſſius, known by his pre 
cipitate of gold; Sir Kenelm Digby, who believed in the fym- 
pathetic aCtion of medicaments. Libavius, whoſe name is affixel 
to a preparation of tin. Van Helmont, famous for his opinions 
in medicine, and the chemical notions he has propagated. And 
laſtly, Borrichius, a Daniſh phyſician and chemiſt, who firſt di 
covered and publiſhed the method of inflaming oils by the ii 
trous acid, and is entitled to the reſpect and gratitude of tit 
world, for having bequeathed his library and chemical laborator 
to the uſe of indigent ſtudents of medicine. 

Alchemy, at that time, was in great danger from two cel 
brated men, who ſucceſsfully combated its tenets. The one wi 
the famous Kircher, a Jeſuit, to whom we are indebted for 3 
grand and ſublime work intituled, Mundus Subterraneus ; th 
other was the learned phyſician Conringins. 


EPOCHA FIFTH. 


the ſeventeenth to the middle of the eighteenth century. 


XZ Chemiſtry had not hitherto been treated philoſophically. The 
chemical arts had been deſcribed, medical formulæ had been 
p 5 given, and the nature of metals had been laboriouſly inquired in- 
EE to with a view to the making of gold, or of the univerſal medi- 
; 4 eine (deluſive views which ſtill miſlead the ignorant and ethuſi- 
aſtic); but nothing more had been done. The facts aſcertained 
vere many, but no one had yet collected them, and, as the cele- 
; J brated Macquer happily obſerves, there were many branches of che- 
W miſtry in being, though the ſcience itſelf was not yet in exiſtence. 


= net, phyſician to the king of Poland, arranged the principal 


EXE known facts in a methodical manner, and added obſervations in 


. his philoſophical chemiſtry. The book of this learned man is the 
more valuable on account of his being the firſt perſon who at- 


. tempted to form a complete body of changiſtry, and ranked it 
n, among the ſciences 
1. Bohnius, Profeſlor at Leipſic, likewiſe compoſed a book of ſci- 


entiic chemiſtry, which had great ſucceſs, and was for a long 
time the only elementary book on this ſubject. 

Joachim Beccher of Spires, a man of the moſt extenſive geni- 
us, phyſician to the electors of Mentz and Bavaria, went far be- 
Pond the two authors laſt ſpoken of, and cauſed even their names 
o be forgotten. In his ſublime work, intituled, * Phyſica Sub- 
: Wterranea,” he united all the known facts of chemiſtry, and de- 
ſcribed them with aſtoniſhing ſagacity. He has even pointed out 
y conjecture, a great part of the diſcoveries made to this day; ; 
WWuch as the aeriform ſubſtances ; the poſſibility of reducing ani- 
val bones into a tranſparent glaſs, &c. This work was com- 
Raoeented on by a celebrated phyſician, whoſe name fixes a moſt bril- 
Want epocha of chemiſtry. J. Erneſt Stahl, born with a. ſtrong 


ele | Paſſion for chemiſtry, undertook to comment and improve the 
n octrine of Beccher. His attention was more particularly di- 
or | : rected to aſcertain the exiſtence of the inflammable earth, which 
the called phlogiſton. Equal to Beccher in genius, but ſuperior 


5 N accuracy of operation and order of reſearch, he compoſed 2 


ij 
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| : The origin and progreſs of Philoſophical Chemiſtry, from the middle of 


Towards the middle of the ſeventeenth century, James Bar- 
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treatiſe on ſulphur, a work on ſalts, and another intituled Ty, 
centa Experimenta, which have gained him immortal glory, a 
placed his name among the firſt of his age. 

Boerhaave, in the midſt of numberleſs occupations, cultivat 
ed chemiſtry, and compoſed a celebrated and truly profound 
work on this ſcience. His treatiſes on the four elements, an 
eſpecially that on fire, are maſterpieces to which at that time i 
was ſcarcely poſſible to have made any addition. He was like 
wiſe the firſt who attempted the analyſis of vn 7 77 and di. 
covered the ſpiritus rector, &c. 2 

The theory of Stahl has been followed by the whole chemic ” 
Vorld, and received a new acceſſion of ſtrength from the two cel. Ma 
brated brothers M. M. Rouelle, whoſe too early loſs is ſeverely ft | 
by the fcience, and to whom chemiſtry owes its origin in France, 

The illuſtrious Macquer, who will be long lamented by er WM 
lover of ſcience, has contributed in a moſt eminent degree toit g 3 
advancement of this ſcience by his moſt excellent works, which ; N 
are with the greateſt juſtice eſteemed in every part of Euro 
as the fureſt guides to chemiſtry. Befides the great obligation i 
the world is under to him for his Elements and Chemical Di 
tionary, his own particular labours and diſcoveries on arſenic, P. 
Gan blue, dying filk, on clays for pottery, &c. are ſufficient to i. Wn 
mortalize his name, and entitle him to the gratitude of poſter, 
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Pneumatic Chemiſtry ; the preſent time. 
Stahl, entirely buſied in demonſtrating the exiſtence of phi 
giſton, and following it through all its combinations, ſeems u 
have overlooked the influence of the air in the greateſt part d 
the phenomena i in which he attributes ſo great an energy to ti 
inflammable principle. Boyle and Hales had nevertheleſs a Ireadf 
proved the great neceſſity of attending to this fluid, in the of 
rations of chemiſtry. The former had obſerved the different 
between the chemical events that happened 1 in like circumſtan® 
in the air and in vacuo. The latter had obtained from a gre 
number of bodies a fluid which he ſuppoſed to be air, but! 
which however he had obſerved ſeveral peculiar properties, ſuc 
as odour, inflammability, &c. according to the various ſubſtaic A 
they proceeded from. He thought the air was the cement 9 

principle, or cauſe of ſolidity in bodies. 5 
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Dr. Prieſtly, in repeating a great part of the experiments of 
Hales, has diſcovered many fluids, which though they reſemble 
air, differ from it in all their eſſential properties. And in par- 
WT ticular, he obtained from metallic oxyds or calces, a kind of air, 
much purer than that of the atmoſphere. 
M. Bayen, a chemiſt ſo juſtly celebrated for the exactneſs of his 
operations and experiments, examined the oxyds of mercury, and 
=X diſcovered that they were reducible without phlogiſton, and that 
; during reduction they emitted an aeriform fluid in great abundance. 
VM. Lavoiſier proved very early, by a great number of valuable 
experiments, that a portion of the air becomes combined with 
aach bodies as are calcined or burned. In conſequence of this 
oe eſtabliſhed a ſect or claſs of chemiſts, who began to doubt 
e preſence of phlogiſton, and attributed to the fixation of air, 
or its diſengagement, all the phenomena that Stahl ſuppoſed to de- 
pend on the ſeparation or combination of phlogiſton. It muſt be 
eranted, that this doctrine has the advantage over that of Stahl in its 
proofs, being more ſtrict, and is ſo much the more ſeducing, as it 
agrees better with the accurate and rigorous manner of proceed- 
N : ing, which is at preſent adopted in the ſtudy and cultivation of 


i of the late M. Buquet, who, in his two or three laſt courſes, ap- 
peared to give it the preference. The wiſeſt and doubtleſs the 
only proper conduct to be purſued on this occaſion, is to wait 
ill a great number of facts ſhall have completely demonſtrated, 
bat all the phenomena of chemiſtry are explicable according to 
3 : the pneumatic theory, without admitting phlogiſton. M. Mac- 
Auer, though well aware of the great revolution theſe new diſ- 
overies could not but occaſion in chemiſtry, did not admit the 
pinion, that every fact is explicable without ſuppoſing the ex- 
tence of an inflammable principle; and inſtead of phlogiſton, 
Phoſe exiſtence has never been fairly proved, he has ſubſtituted 
osht, the action and influence of which in chemical appearances 
ennot be called in queſtion. | 

. Since the death of that celebrated chemiſt, the ſcience has 
ined ſo much by the new diſcoveries, that the modern theory 


1 
. ally acquires new acceſſions of force: The large maſs of facts 
"WE have collected during the ſpace of twelve years attention to this 
nes 
2 ience, the number of experiments which L have re peated, have 
enn 


Fl ponvinced me that it is abſolutely impoſſible to avoid admitting 
Gu 


natural philoſophy. This ſeemed to be the caſe in the opinion 
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102 . CHEMICAL ATTRACTIONS. | 
this theory ; and that ſuch philoſophers as continue to ſupport, 


with more or leſs heat, the doctrine of phlogiſton, all give proof 


in their works that they are not perfeCtly acquainted with the 
ſcience, or are in ſome reſpect deficient in the art of making ex. 


periagents. 
CHAPTER II. 
CONCERNING ** CHEMICAL ATTRACTIONS, 
I the foregoing chapter we have obſerved, that the means uſed 
in the performance of chemical operations, which are in genen 


referable either to analyſis or ſyntheſis, are founded in nature; 
and that chemiſts are no more than imitators. This truth wil 


be more ſtrongly eſtabliſhed by the explanation of the chenica 


affinities which we are about to give, 

The leaſt progreſs in the ſtudy of natural philoſophy is ſuff- 
cient to impreſs the mind of the obſerver with a knowledge of 
that wonderful force eſtabliſhed between bodies, by which they 
mutnally attract each other. All the phenomena in nature are 
dependent on this law, which the philoſopher contemplates with 
admiration, and the moſt uninformed inquirer cannot conſider 
without ſome degree of perplexity and aſtoniſhment. _ 

The ſmalleſt bodies, as well as the immenſe maſſes that ar 
compoſed by their union, are alike ſubject to this force, ſo ne- 
ceſſary for the preſervation of the harmony of the univerſe : But 
its laws appear either to be eſſentially different, or differently mo- 
dified, according to the maſs, bulk, or diſtance of the bodies 
acted on by its power. Without inquiring into its effects on the 
planetary * bodies, whoſe diſtances and motions it governs, let 
us obſerve what happens on the globe we inhabit, and cn 
to diſcover its laws of action. 

Natural philoſophy teaches us, that two ſolid bodice of the 


— 


— 


os The celebrated Bergman (de AttraQionibus EleQivis) and others, as well 2 
our author, from a wiſh to generalize, and in conſequence of a too ſuper: 
fictal view of the univerſal laws of attraction, have erroneouſly ſuppoſed that gr 


_ - vity, or the planetary attraction, might be ſo varied, when bodies became neat! 


contiguous, as to be modified or converted into the chemical affinity, or elective 
attraction obſerved between the minute parts of bodies, See Newtoni, Prin, | 
5 13. T. | 


globi 


ol th 


ſpher 
form 
the p 
togetl 
ments 
forms 


the at 


bodies 
thoug] 
tles ar 
a cohe 


gregati 
which, 
herenc 
denote 
will 11h 


CHEMICAL ATTRACTIONS. _ 


ame kind, when moiſtened and placed in contact, adhere to- 
ther with ſo much the more force as the ſurfaces at which 
they touch are more poliſhed and extended. Thus two planes of 
glaſs, or two ſections of a metallic ſphere ſlipped upon each other, 
W vith preſſure, become united, and often require a very conſider- 
© ble effort to ſeparate them. This force gives birth to all the 
phenomena obſerved in chemiſtry; and it is therefore of the high- 
eſt importance to ſtudy with care, all the laws and circumſtances 


that accompany it. | 3 
The greater number of chemiſts have denominated this force 


on an analogy or conformity of principles in the bodies between 
which it exiſts. Bergman has called it chemical attraction, though 
its effects are very different from the planetary attraCtion obſerved 


ic, we ſhali adopt that term. This attraction may take place 
between bodies of the ſame, or of different natures. Let us ob- 
| ſerve it under theſe reſpective points of view. 


1. Concerning the Attraction that takes place between Bodies of the 
fame kind, or the Afﬀnity of Aggregation. 

When two bodies of the ſame nature, as for example, twa 
| globules of mercury placed in the point of contact, tend, by virtue 
| of this force, to unite, and the union is ſuffered to take place, a 
ſphere of greater magnitude, but of entirely the ſame nature, is 
formed. This force, therefore, produces no change, except in 
the phyſical, or obviouſly apparent qualities of bodies. It joins 
together parts of the ſame kind, which before were ſeparate z aug- 
ments the bulk or magnitude, by confounding the maſſes, and 
forms one fimple body out of ſeveral. It is named the affinity or 
W tle attraction of aggregation, to diſtinguiſh it from that between 
bodies of different natures. It produces an aggregate, in which, 
though the phyſical properties are changed, the chemical quali- 
ties are not ſenſibly altered. The aggregate is nothing more than 
2 coherent body, whoſe molecules are united by the force of ag- 
gregation. It muſt be diſtinguiſhed from the maſs called a heap, 
which, though conſiſting of parts of the ſame nature, has not co- 
terence throughout; as well as from a mixture which is taken to 
(note an incoherent maſs of diſſimilar particles. An example 
Vil illuſtrate this. Flowers of ſulphur, or ſulphur in powder, 
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= finity, or relation, becauſe it has been thought that it depended - 


by Newton; as, however, it appears to be only a modification of 
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whoſe parts have no adhefion, but may be ſeparated by the * 
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leſt efforts, conſtitute a heap, on the parts of which, relatively 
conſidered, the affinity of aggregation does not act. If this be 
mixed with another heap, as of nitre in powder, a mixture by 
confuſion will be had. But if, by the help of fuſion and cooling, 
the power of aggregation be cauſed to act, then the molecules, 
or integrant parts, brought towards each other during their |. 
quefaction, unite and adhere together in ſuch a manner, as, that 
when cooled, they form a fingle maſs or ſolid, which is a true 
aggregate. | 

The force or affinity of aggregation has different degrees, mea. 
ſurable by the effort or power neceſſary to be employed in fepa- 


rating the integrant parts. We may diſtinguiſh four kinds of ag; 


gregates, under which all bodies in nature may be compriſed, 
1. The hard or ſolid aggregate, in which the force that-unite 
the integrant parts, is very confiderable, and which cannot be 
deſtroyed, but by ſome very violent re- action. There are man 
degrees of aggregation under this claſs, from the hardneſs of the 


precious ſtones or rock cryſtal, to the ſoftneſs of the mot yield. 


ing wood, Its character is to form a maſs, whoſe different part 
cannot be ſenſibly moved amongſt each other, without breaking 
or ſeparation. 

2. The ſoft aggregate is that whoſe parts; though cohereny 


may nevertheleſs be ſlided upon each other by a ſmall force, fo 


to change their reſpective ſituation. The force that unites the 
parts of a ſoft body, is lefs than in ſuch as are hard; and lefs re 
action is neceflary to deſtroy it. 

3. The fluid aggregate. Its integrant parts are fo lightly uni 
ed together, that the ſmalleſt effort is not only ſufficient to caul 
them to flide, or change ſituation amongſt, but alſo to wy 
them from each other. 

4. Laſtly, The aeriform aggregate, whoſe integrant parts at 
too mal to be perceived, and in which the affinity of aggregation 
15 the leaſt poſſible, The air of the 8 225 furniſhes an ei- 
ample *. 


Theſe four kinds we aggregate are no more, properly ſpeaking 


* The acriform aggregate is here erroneouſly defined or deſcribed. It is that 
whoſe denſity is not ſufficiently great, to afford obvious indications of its preſepct 
and in which the affinity of aggregation is negative, cauſing t the integrant parts 
repel each ether. T. 
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chan degrees of the ſame force, which it is nevertheleſs of great 
conſequence to diſtinguiſh with care, becauſe their ſtate and di- 
verſity have a ſingular influence on chemical phenomena. This 
is proved in a very ſatisfactory manner, from the conſideration, 
that many bodies are capable of being ſucceſſively put into each 
of theſe four ſtates. Water, in the form of ice, is a ſolid aggre- 
gate. Its hardneſs is the greater in proportion as its temperature 
is lower; when expoſed to the temperature of 32 Fahrenheit, 
it aſſumes a kind of ſoftneſs, before it paſſes to a ſtate of flui- 


dity. This laſt mentioned ſtate is well known in all climates ; 


and philoſophers have computed its force of expanſion when in 
the ſtate of vapor, or in the aeriform aggregation. The ſame is 
the caſe with metals, fatty ſubſtances, concrete oils, wax, &c. 


In proportion as we advance in the knowledge of the laws of 


chemical attraction, we ſhall perceive ſtill more the neceſſity of 
diſtinguiſhing and attending to theſe four kinds of aggregation. 
This is more particularly neceſſary, in comparing the force of 
aggregation with the ſecond kind of affinity next to be examined. 

As theſe two forces, which ſeem to depend on the ſame cauſe 
or principle, are nevertheleſs always oppoſed to each other in 
chemical phenomena, ſo that it may even be inferred from the 
facts we ſhall exhibit, that they are in the inverſe ratio of each 
other *, it is neceſſary, when the chemiſt wiſhes to cauſe the one 
to act, that he ſhould diminiſh the other. Now, the attractive 
force we are ſpeaking of, is almoſt always that which he has oc- 
caſion to diminiſh, and it is likewiſe modifiable at pleaſure, by 
means in the power of the artiſt, oF 

To deſtroy or diminiſh the affinity of Aggregation, nothing 
more is required, than to oppoſe to the coheſion of the parts of 
the aggregate, an external force more than equal to that which 
retains them together, which conſequently muſt be greater or 


1 


— 


This oppoſition of the affinities of aggregation and combination, muſt reſt en- 
tirely on the reaſoning of the author, in the following pages. To me it ſeems 
neither fairly deduced, nor probable in itſelf, A variety of important circum- 
ſtances, ſome of which are unknown, are included in this, and almoſt every other 
queſtion concerning the affinities. They cannot here be entered into; but the 
preſent may perhaps be decided, by anſwering the following. Are where not 
many operations in which an increaſe of temperature, at the ſame time weakens 
both the powers of aggregation and combination, and the contrary ? If this were 
not the caſe, could any ſeparation be made by mere heat, without an interme+ 
Gum? And if heat be matter, and be the intermedium in ſuch caſes, the * 
nity of aggregation, as it is called, is out of the queſtion, Fo | 
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leſs, in proportion to that adheſion. This is the leading prin- 
ciple in the preparatory operations, whoſe ſole purpoſe * is to de- 


ſtroy the affinity of aggregation : Pulverization, grinding, filing, 
raſping, cutting, are operations that oppoſe the coherence of ſo- 
lids, and ſerve to ſeparate their parts. Heat and evaporation pro- 


duce the ſame effect upon. fluids, as well as upon moſt ſolidg 


which are capable of becoming ſoft or melting. But theſe laſt 
methods, in which heat is the agent which divides bodies, de- 


pend themſelves upon a chemical attraction of the ſecond kind. 


The ſame may be ſaid of diflolution in water. | 

As art is poſſeſſed of numberleſs means of oppoſing the force 
of aggregation, ſo likewiſe it affords others for reſtoring, and 
cauſing it to act again with all its energy. All its manipulations 
for this purpoſe, conſiſt in placing the bodies, whoſe aggrega- 
tion it is propoſed to reſtore, in a ſtate of diviſion and fluidity, ſo 
that the particles of theſe bodies may be at liberty to obey the 
power of attraction, by applying to each other thoſe of their ſur. 
faces which are beſt adapted to unite, and to form an aggregate, 


the regular figure and coheſion of which often equal, and ſome- 


times even ſurpaſs thoſe of natural bodies of the ſame kind. On 
this occaſion we muſt remark, that all aggregate bodies may be 
divided into two claſſes; namely, regular or irregular. Nature 
has given to every body the property of preſenting itſelf under 
one or other of theſe two ſtates; art, ever emulous, and often 
the rival of nature, can at pleaſure produce either. All bodies 
capable of paſſing through the different ſtates of aggregation, be- 
fore enumerated, and more eſpecially ſalts and metals, may, ac- 
cording to the management of the artiſt, in their paſſage from 
fluidity to ſolidity, appear in the ſhape of an irregular maſs, or 
in that of a body with regular facets, which is called a cryſtal. 
Nothing more is neceflary to produce the former ſtate, than to 
keep the particles whilſt fluid, whether by heat or by water, very 
near each other, and to cauſe the liquefaction ſuddenly to ceaſe, 
ſo that coming into contact all at once, the attraction of aggrega- 


The purpoſe is to increaſe the ſurfaces, that the mutual action of bodies on 
each other, being carried on at the ſame time, among a great number of parts, 


may be ſooner finiſhed, and the intended proceſs completed. The affinity of ag 


gregation impedes combination in no other way, than by covering the internal 
parts. A lump of ſugar is flower in diſſolving, if put into water, than the ſame 
quantity in powder; hecauſe, in the former caſe, the external parts muſt be di 
ſolved and removed, before the internal parts can be acted on. T. | 
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tion may cauſe them to unite into a ſolid maſs. But, on the con- 
trary, cryſtallization requires that the parts of the bodies in which 
it is to be produced, ſhould be kept ſuthciently diſtant from each 
other, that they may be, as it were, in equilibrium ſome time 
before they unite, and may mutually preſent to each other the 
{urfaces that beſt agree with each other. After theſe details, it is 
clear that cryſtallization is entirely the conſequence of the affinity 
of aggregation. It is in this point of view that we have here 


conſidered it; and ſhall reſerve our future obſervations on the 


ſubject, to the other parts of this work. 


( 2. Concerning the Chemical Attraction between two Bodies of dif- 
| ferent Natures, or the Affinity of Compaſition. 


When two bodies of different kinds have a tendency to unite, 
they then combine by virtue of a force different from that we have 
hitherto ſpoken of, and which is named the affinity of compoſition, 
or rather the attraction of compoſition a. This kind of attraction, 
more neceſſary to be underſtood than the former, takes place in 
all the operations of chemiſtry, none of which can be explained 
without it. This principle was known in the earlieſt times, but 
it was not attended to with ſufficient care, till experience had 
ſhown that its influence on the praCtice, 1s equal to that on the 
theory of the ſcience we are treating of. It is this doctrine that 
muſt guide the practitioner in the reſearches neceſſary for the ad- 
vancement of chemiſtry, and muſt be conſulted by the philoſo- 
pher who collects and compares the facts. It is the compaſs by 
which both muſt ſteer ; and it may be truly affirmed, that he 
who is intimately acquainted with the chemical attractions, knows 
every thing that the moſt ſublime chemiſtry has to offer. 

Well convinced of this truth, we ſhall endeavour firſt to collect 
with fidelity all the facts that relate to them, and afterwards to 
explain the hypotheſes that have been invented, reſpecting their 
cauſe, | 


Obſervation, the parent of chemiſtry, as well as of every ex- 


perimental ſcience, has ſhown that the attraction of compoſition 
preſents conſtant and invariable phenomena, which may be re- 
garded as eſtabliſhed laws, obvious to all but thoſe who are un- 
acquainted with the method of ſtudying nature. Theſe laws, 
founded on a great number of well eſtabliſhed facts, may be re- 
| fuced to the eight following. 
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Pirſt Law of the Attraction of Comp gf vom, 


The attraCtion of compoſition does not take place, but between 
bodies of different natures. 

Thus firſt law is invariable, and ſubject to no kind of excep- 
tion. In order that two bodies may combine, and form a com- 


pound, it is a neceſſary condition that they ſhould be of different 


* 


kinds. In fact, if two bodies of the ſame nature be united, the 
reſult will be nothing but an aggregate, whoſe maſs and magni- 
tude only will be augmented without the loſs of any of its eſſen- 
tial properties, and the union will be preſerved by the affinity of 


aggregation, as has been already ſhown. Thus two pieces of 


wax, reſin, or ſulphur, are united by heat. The difference be- 
tween the affinities of 3 and of compoſition, may hence 
be eaſily conceived. 

This law is ſo true and ſo conſtant, chat the affinity of combi. 
nation is never ſo powerful, as when the bodies, between which 
it is exerted, are of the moſt different kinds. Thus it is that 
acids, whoſe properties are ſo oppoſite to thoſe of alkalis, com- 
bine and form the moſt perfect compounds with them. The 
ſame oppoſition of properties is obſerved between alkalis and ſul- 
phur, alkalis and oils, acids and metals, ſpirit of wine and wa- 
ter, &c. all which have an exceeding ſtrong tendency to combine 
with each other, and to form the moſt perfect compounds 
though their nature 1s totally difterent. 

It is ſtill more neceſſary to attend to this leading principle, of 
the affinity of compoſition, becauſe many chemiſts, with Stahl at 
their head, have endeavoured to prove that bodies never entered 
into combination, but in conſequence of a certain agreement, or 
reſemblance of their properties; an opinion which mult of courle 
be rejected, when the full extent of this law is underſtood. On 
peruſing the writings of the greateſt chemiſts on this ſubject, it i 
ſeen that the reſemblances they endeavour to find between ſub- 
ſtances that have a great tendency to unite, are always very re- 
mote; and that, by following the ſame method, it is poſſible to 


find others equally ſtrong between the moſt diſſimilar bodies. It i, 


however, not difficult to obſerve, that theſe great philoſophers were 
deſirous of rendering the theory of chemical attractions more intel 
ligible, by means of this explication; and thoſe who are aware of 
the extreme difficulty that attends the eſtabliſhment of theory, in 
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any branch of human knowledge, will be ready to conſider their 
efforts with the gratitude to which they are entitled. Their works 
are of the higheſt utility, by the illuſtrative arrangement and con- 
nection of the facts they have brought together. But our firit 
homage is due to truth, which compels us to avow our ignorance 


of the cauſe of this extenſive ſimilarity of facts which we offer as 


a law of nature, rather than to have recourſe to an analogy, 
which is contradicted by examining into the properties of bodies. 


Second Law of the Attraction of Compgſition. 


The attraction of compoſition does not take place, except be- 
tween the ultimate particles of bodies. 
| In order to conceive this law as it really exiſts, it is neceſſary 
to diſtinguiſh thoſe ſubjects concerning which the chemiſt rea- 
ſons, from others properly called phyſical. The latter are bodies 
whoſe exterior properties, ſuch as maſs, bulk, ſurface and figure, 
may be ſubmitted to computation, and appreciated by the ſenſes. 
The natural philoſopher or mechanic is buſied in the conſidera- 
tion of aggregates. Chemical ſubjects, on the contrary, are bo- 
dies that have loſt their aggregation, and conſequently no longer 
exhibit the phyſical properties of aggregates to the ſenſes. They 
are particles ſo ſubtle, that their figure and volume cannot be 
known from meaſurement. Bodies do not obey the attraction of 
compoſition, till they have been reduced by the preparatory ope- 
rations, to the requiſite degree of minuteneſs; and the chemiſt 
ſucceeds in combining them, only by prefenting them to one 
another in this ſtate of diviſion. It ſeems as if this property 
were confined in its operation to the infinitely ſmall particles, or 
ultimate molecules of bodies. Hence it appears, that the aſſi- 
nity of compoſition differs from the attraction ſubſiſting between 


large bodies. This difference is ſtill more ſtriking, when we 


conſider the oppoſition which is obſerved between the attraction 
of aggregation, and the attraction of compoſition. This oppoſi- 

tion is ſo well eſtabliſhed, that I can venture to advance, as a 
chemical axiom, that the ſtronger the attraction of combination, 
the weaker - the attraction of aggregation d. Theſe two forces 
leem to be oppoſed to, and mutually to counteract each other. 
In fact, the attraction of aggregation oppoſes the combination of 
bodies, and therefore ſuch as have a ſtrong force of aggregation, 
ware very little tendency to enter into combination; while ſub- 
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ſtances, that have little or no aggregation, have, at the ſame 
time, a very ftrong diſpoſition to combine with others. Among 
the gaſes, for example, which of all known ſubſtances are thoſe 
whoſe aggregation is weakeſt, there are ſeveral whoſe tendency 
to combination is ſo ſtrong, that they unite with the greateſt yi. 
vacity to almoſt all natural bodies. Nevertheleſs, we ſhall here. 
after fee that this takes place only when the heat which is com- 
bined in elaſtic fluids, adheres but weakly to its baſe, and that 
the aeriform ſtate very frequently oppoſes combination, as is ob- 


ref! in pure air. 


Third Law of the Attraftion of in Lion. 


The attraction of compoſition can exert its action on more bo- 
dies than two. | | 

This law of chemical attraCtion is one of thoſe we are leaſt ac. 
quainted with, and has been hitherto but very imperfectly in. 
quired into. Many combinations of two bodies are known. Fewer 
of three, and ſtill fewer of four bodies, united by equal affinity, 
have been noticed. The metals alone preſent ſuch combinations, 
and may be combined with two, three, or four. It is probable 
that combinations of more than four, as for example, fix or eight 
bodies may exiſt ; but art has hitherto thrown very little light on 
this ſubject. The cauſe of the flow progreſs of the ſtudy of this 
law, will be ſhown, when we come to treat of the eighth law. 
The attraction that may take place between many bodies, is de- 
noted by their number, by ſaying the attraction of two, three, 
four bodies, and fo forth. The rapid advancement of modern 
chemiſtry, the multiplicity of reſearches that are purſued, and the 
ſcrupulous exactneſs of the preſent methods, give us reaſon to 
hope that theſe attractions, which are called complicated, will {oon 


become better known ©. 


Fourth Lan of the Attraction of Gompaſttion. 


In order that the attraCtion of compoſition may take place be- 
tween two bodies, it is neceflary that one of the two at leaf 
ſhould be in a ſtate of fluidity. 
This law has been long known to chemiſts, and is expreſſed 
by the following axiom, Corpora non agunt niſi ſoluta. The molt 
connected and exact obſervations have ſhown that two ſolid ſub- 
ſtances cannot unite into combination with each other. Whence 
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it happens, that bodies, which have the greateſt tendeney to 
unite, cannot effect it, unleſs one of them be in the ſtate of 
fluid aggregation. The more fluid the bodies which the chemiſt 
is deſirous of combining, are, the leſs aggregative force they 
have, and conſequently the more eaſily and intimately they may 
he united. It is for this reaſon, that no combination is more ra- 
pidly or more perfectly made, than when two aeriform bodies are 
brought into contact, as the muriatic acid gas, and ammoniacal 

8. a 
Though two ſolid bodies can never combine, yet there are cer- 
tain circumſtances in which dry ſubſtances reduced to fine pow- 
der, act with ſufficient energy on each other, to unite and form 
2 new compound. Thus I have obſerved, that the cauſtic fixed 
alkalis, unite, when cold, by ſimple trituration with ſulphur, an- 
timony, and kermes mineral, as I ſhall elſewhere deſcribe; but 
in this caſe, the extreme diviſion of the two bodies, and the 
moiſture of the atmoſphere, attracted by the ſalt which ſoon de- 
liquiates, are of ſingular advantage to the combination, and in 
fact bring it within the law we are treating of. 

It is not always neceſſary that both the bodies we wiſh to com- 
bine, ſhould be fluid, but only that one of them ſhould be fo. 
During their union, a phenomenon takes place, which chemiſts 
call diſſolution or ſolution. It is the attenuation, diviſion, and 
total diſappearance of the ſolid body placed in contact with the 
& fluid. To underſtand the cauſe of this phenomenon, it is to be con- 
| ſidered, that the attraction of combination which exiſts between 
two ſubſtances, the one fluid, and the other ſolid (as, for ex- 
E ample, the ſulphuric acid and a piece of calcareous ſpar), is 

ſtronger than the aggregation that unites the particles of ſpar, 
| and cauſes it to poſſeſs a ſolid form. Now, ſince by the third 

law this attraction cannot take place, but between ſmall bo- 
dies, it becomes a neceſſary condition that the ſpar muſt be re- 
duced into very ſmall particles, by the loſs of its aggregation, 
before it can unite with the ſulphuric acid, and form ſulphate of 
lime. The ancient chemiſts, in all ſolutions, made a diſtinction 
| between the ſolvent and the body intended to be diffolved ; the 
| former being the fluid, and the latter the ſolid. This diſtinction, 
| which ſuppoſes in the fluid a force ſuperior to that exiſting in the ; 
| bold aggregate, cannot be admitted by modern chemiſts, who - $41 
| Obſerve, with M. Gellert, that in ſolution the action is equal on g 
2 
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both ſides, and that, in the example here cited, the ſulphuric 
acid would not deſtroy the aggregation of the ſpar, if this laſt 
did not tend to combine with the ſulphuric acid with an equal 
force. The term ſolvent, at preſent applied to fluids, is there. 
fore far from being chemical, and preſents to the mind the idez 
of a mechanical action; for which reaſon it would be better to 
reject it altogether. - But as cuſtom has unfortunately prevailed, 
it becomes neceſſary to remember, that when one body is ſaid to 
diſſolve another, nothing more is intended to be expreſſed, than 
the ſtate of fluidity. of the former; and that no greater activity 
is attributed to it, than to the ſolid, which poſſeſſes exactly the 
ſame, or even a ſuperior degree of force; ſince the tendency i it 
has to combine with the fluid, overcomes its *ggregation „ or de. 
ſtroys it entirely. fr 

The falſe idea that has till lately prevailed concerning ſolution 
has doubtleſs ariſen from the mechanical theory of this operation 
of nature, which certain philoſophical chemiſts have invented. 
This theory, which is found in every page of Lemery, conſiſts 
in ſuppoſing the ſolvent an acid, for example, to be an aſſemb- 
lage of very acute points, and the body to be diſſolved, as poſ- 
ſeſſing an infinite number of pores, in which the points of the 
acid are received, which tear aſunder its parts, and by that means 
reduce it to ſuch a ſtate of diviſion, as to cauſe it to eſcape the 
fight. It is ſufficient to exhibit the opinion; the more accurate 
and leſs hypothetical method of cultivating philoſophy, which is 
now univerſally adopted, will ſave us the trouble of confuting it, 


Fi Cas Law of the Atrraction of Compoſition. © 


When two or more bodies unite, by the attraCtion of compo- 
ſition, their temperature changes at the inſtant of their union. 

This phenomenon has appeared ſo conſtantly to attend every 
operation that art can perform, that we have thought proper to 
conſider it as one of the laws of the attraction of compolition- 
The temperature of bodies during combination, may be altered 
by the production of either heat or cold. The latter takes place 
much oſtener than the former; but as cold is produced in many 
ſynthetical operations, we have ee this e by 
the words © change of temperature.” | 

It may be objected, that there are certain ſolutions or combi- 


nations ey effected, in which no change appears. To this 
8 
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we anſwer, only by requeſting that they will plunge a very ſen- 
ſible thermometer in theſe ſolutions, and they will be convinced 
that a change of temperature takes place, which is almoſt always 
colder than that of the atmoſphere. 

This phenomenon ſeems likewiſe to depend on the change of 
the aggregation of the ſubſtances that become combined, in their 
paſſage from ſolidity to fluidity, according to the obſervation of 
Baume, of which we ſhall elſewhere ſpeak. But as this change 
of aggregation is a conſequence of the action of the attraction of 
3 | combination, it is evident that this laſt attraction is the cauſe of 
W the change of temperature. | i! 

: M. Macquer was of opinion, that the variations in the tempe- 
b $ rature of bodies that enter into combination, depended on the 

motion the particles are put into; but if this explanation be ad- 

W mitted as ſufficiently indicating the cauſe of heat in caſes in which 

; it is obſerved, it certainly does not explain other caſes, wherein 

cold is produced. Some modern chemiſts, and in particular x 
Scheele and Bergman, are of opinion that heat, which they : 

W cſtcem as a peculiar ſubſtance, is greatly concerned in chemical 

combinations, producing cold, when abſorbed z or heat, when 
| diſengaged, This theory explains very well the changes of tem- 

| perature that takes place when bodies unite. 1 | 


Sixth Law of the Attraction of Compoſition. 


| Two or more bodies, united by the attraction of compoſition, 
orm a ſubſtance, whoſe properties are very different from thoſe 
| of any one of the bodies before their combination. | 
This law, in particular, requires to be well proved, becauſe 
many celebrated chemiſts of the preſent age have entertained no- 
tons reſpecting compounds, which by no means agree with the 
greater number of facts, and are directly oppoſite to what we 
here offer, as one of the principal and moſt remarkable of the 
phenomena attending the attraction of compoſition. 1 
Stahl and his followers, whoſe abilities in other reſpects have "= 
deen of ſuch important ſervice to chemiſtry, have affirmed, that | | 1 
compounds always partake of the properties of the bodies that i | 
| enter into their compoſition z and that their properties are inter- 1 
mediate between thoſe of their principles. They have even car- 1 
= this notion ſo far, as to imagine that it was poſhble to 
* from the properties of a compound, the nature of 1 
1 J | H ; 
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the bodies that compoſe it. From conſiderations of this king 
it was, that Stahl pronounced ſalts to be compoſed of earth and 
water, becauſe, he thought, he obſerved in all falts, properties 
intermediate between theſe two ſubſtances. As we propoſe to 
diſcuſs this doctrine when we arrive at the part of our work 
that treats of ſalts, we ſhall make no obſervations on this ex. 
ample in this place, but ſhall content ourſelves with obſerving, 
that the chemiſts, who have followed Stahl in this opinion, haye 
not had better ſucceſs than himſelf in their proofs ; and that 
the intermediate or mean properties which they have pretended 
to diſcover in compounds, have ſeldom any but the moſt remote 
agreement with thoſe of the fubſtances that conſtitute the com. 
bination. This obſervation we ſhall eſtabliſh from the conſider. 
ation of the very inſtances that are urged by Stahl himſelf. And 
we cannot here avoid remarking the difficulty which that author 


appears to have met with in eſtabliſhing this opinion in his writ 


ings, and the embarraſſment which prevails in his explanations 


Theſe. conſiderations engaged M. Bucquet and myſelf to ex 


mine this theory with attention, and induced us ta adopt ans 


_ directly oppoſite to it. 

In reality, nothing more will. be 8 to prove the exil- 
ence of the law concerning which we are now treating, than to 
point out inſtances of compounds, whoſe properties are entire 
new, and have no kind of relation to thoſe of their component 
parts. The hiſtory of chemical combination tends to ſupport our 
Poſition, and there is not a angle fact which will not furmſh 
matter for its proof d. 

To ſhow (1) that bodies which enter into e loſe the 
properties they before poſſeſſed: (2) That they acquire new pro- 
perties totally different; let us fix our attention upon ſuch proper 
ties, as if varied, will affect the ſenſes very conſiderably in conſe- 
quence of ſuch variation. The taſte is often very conſiderable i 
two ſimple bodies; and when they are combined, they have a ver 
Faint or feeble taſte when compared with that before poſſeſſed by 

either. Sulphat of potaſh, or vitriolated tartar, which is pr 
duced from the union of two ſtrong cauſtics, the ſulphuric 
vitriolic acid, and pure potaſh, has only a bitteriſh taſte, which 


is certainly not an intermediate between the two cauſtic ſalts, 


Ou the contrary, two bodies that have little or no taſte, ma 
acquire a very pungent one by their union. A few grains of 


x ** 
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ny noxious effect on the animal economy; while the ſame 
BW ioſe of the oxygenated muriat of mercury, or corroſive ſubli- 
mate formed by the union of theſe ſubſtances, and adminiſter- 
ell in the ſame vehicle, is one of the moſt violent poiſons, and 
l of a moſt corroſive taſte. # | | | 

BZ The attraction of compoſition, has a ſingular influence on the 


I ceptible of cryſtallization alone, aſſume a regular form when 
WE they are united, as is the caſe with the muriatic acid gas, and 
ammoniac or alkaline gas, which, in the inſtant of their union, 
4 | conſtitute cryſtals of muriat of ammoniac. In other caſes, the 
form is ſimply changed and modified, as in the union of cer- 
W tain neutral ſalts with each other, of ſulphur with metals, and 
nn metallic alloys, which exhibit, according to Abbe Mongez, 
W cryſtallizations ſomewhat differing from thoſe of the metals in a 
ſtate of purity. Laſtly, Bodies very ſuſceptible of cryſtallization 
alone, loſe this property when united with other bodies; as me- 
tals united with oxygen, and ſome of them when united with acids: 
We are obliged to make uſe of terms and denominations in this 
preliminary matter, which are yet unknown to the learner ; but 
the index, and the commencement of the articles of the work to 
| which the index refers, may be conſulted for the explanation of 
theſe words. This is an inconvenience which cannot be avoided 
in the elements of a ſcience. | 

The fame obſervations, in proof of the law we offer, may be 
made with regard to conſiſtence. It is ſeldom the ſame in a 
compound, as in the principles that compoſe it. Thus it is 
found, that two fluids, united with each other, ſuddenly pro- 
duce a ſolid, as is ſeen in a ſolution of potaſh added to ſulphuric 
acid in their concentrated ſtates ; and that from the union of two 
lolids, there frequently reſults a fluid, as in neutral ſalts com- 
bined with ice, and in the mixture of an amalgam of lead with 
an amalgam of biſmuth. | 

The colour is frequently altered in combination. Sometimes it 
Uſappears, as when the coloured muriatic acid is added to a me- 


deeper colour than before, in conſequence of their union z as 
when iron or copper are diſſolved in moſt acids, or lead, mer- 


H ij 


oxygenated muriatic acid, diluted in a glaſs of water, and a few - 
grains of mercury ſeparately given, are not capable of producing 


l form. It often happens, that two matters, that are not ſuſ- 


tal, the ſolution is tranſparent. Very often two bodies affume a 
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cury, and moſt of the metals united to oxygen, and in the ſia: 3 
of metallic oxyds. | . 

It is frequently found that two bodies of very pungent ſmel, 
form, by uniting, a ſubſtance without ſmell; as the mura Wil 
acid gas, and ammoniac or alkaline gas, already mentioned, b 
which have a ſuffocating ſmell, but, in their union, form a ne. 
tral ſalt known by the name of muriat of ammoniac, which hx 
ſcarcely any ſmell. Again, from inodorous bodies, a compoun 
mals ariſes, whoſe ſmell is ſtrong. Sulphur and fixed alkils 
which ſeparately have no ſmell, form livers of ſulphur, or {ul 


phures of alkalis, which are very fetid when moiſtened. | r 
We may make the ſame obſervation with reſpect to fuſibilhj i 
Two ſubſtances which are very infuſible, or very difficult to fuk WG 
ſeparately, become very fuſible when they are united; the con. | 00 
binations of ſulphur and of metals, nn very ſtriking example le 
of this aſſertion. te 
The foregoing facts are far from bet the only ones whid * 
might be urged in ſupport. of this law. There are many other We 
that will offer, in the courſe of chemical reading, Wren it wy ; 
not at all be dithcult to apply. ” 
? ( 
Seventh Law of the Attraction of Compoſition. this 
The attraction of compoſition is meaſured by the difficulty d | bog 
deſtroying the combination formed between two or more bodies“ vi 
Chemiſts are acquainted with methods of ſeparating bodies i i 
combination with each other, whatever the degree of the 2 = 
heſion or attraction may be; but theſe methods are more or {6 8 
eaſy, and differ in their degree of complication or ſimplicity. k Uh 
obſerving the appearances that take place in theſe proceſſes, it * 
conſtantly ſeen, that the more perfect the compound, the m. bw 
difficult it is to ſeparate the-principles, and deſtroy the comp. 1 : 
ſition. The degree of difficulty experienced in making this E ke c: 
paration, may, therefore, ſerve to ſhow the adherence, or attrit wth 
tion, that exiſts between bodies reſpectively. = 
We inſiſt the more ſtrongly on this law, becauſe it is eaſy i Ha 
beginners to miſtake in eſtimating the difference of attracts 3 
that obtains among the ſeveral bodies they combine togethe he A 
The rapidity with which certain bodies unite, may naturally ps «xp 
duce a concluſion that the adheſion between them is very {iro acid . 


Long experience, however, has ſhown that this rapidity, { fi 
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ſrom indicating the more perfect combinations, rather ſhows a 
weak adheſion, and produces only a very imperfect compound. 
In order, therefore, to fix with exactneſs the degree of affinity 
with which bodies combine and remain united, we muſt have 
recourſe to the meaſure of the difficulty experienced in ſeparat- 
ing them, or deſtroying their union. The examination of the 
eight and laſt law will clear up this matter. | 


Eighth Law of the Attrafion of Com poſition. 


All bodies have not the ſame force of chemical attraction with 


b | reſpect to each other; and it is poſſible from obſervation, to de- 
W termine the degree of the force exiſting between different bodies, 
All bodies have not an equal tendency to combine with each 
other. There are ſome which abſolutely refuſe to unite, or at 
W leaſt cannot be directly united by art, as iron and mercury, wa- 
ter and oil, &c.; though it would be falſe to aſſert, that there 
is no mutual attraction between them; other ſubſtances unite 
with diſficulty, after a very long time. . | 
But the moſt important circumſtance in the variety of che- 
mical attraction, is, that as this force is not equal amongſt all 
bodies, it is practicable, from the knowledge and application of 
this phenomenon, immediately to effect the ſeparation of two 
| bodies, whoſe union forms a compound. Bergman deviſed the 
name of elective attractions, to expreſs, that there is a kind of 
choice between thoſe bodies, which, in order to combine toge- 
ther, are decompoſed or ſeparated from matters before united 
with them, Tt is eyen certain, that the moſt eſſential part of 
the art of chemiſtry conſiſts in producing ſuch decompoſitions, 
by means of which, it works a kind of miracle in the eyes of 
ſuch as are unacquainted with them. To explain this, let us 
© ſuppoſe two bodies to adhere together, with a force denoted. by 
the number four, as for example, an acid and an oxyd, or metal- 
[lic calx ; and let a third body be preſented, which has an affinity 
to the acid equal to five or ſix, as for example, an alkali, What 
Will be the conſequence ? The alkali, which tends to unite with 
the acid, by virtue of a force ſuperior to that which joins the 
ſame acid to the metallic oxyd, muſt ſeparate the latter, in or- 
der to ſeize the acid. As this, in fact, takes place, the metallic 
oxyd is ſeparated, and a new combination is formed between the 
ad and the alkali, This decompoſition is denominated preci- 
| H 31 
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tate obtained, when the new combination, formed between the 


pitation, becauſe the matter ſeparated commonly falls to the hots 
tom of the fluid. "B48 

The matter that falls to the bottom is called A precipitate, and 
the ſubſtance added is called the precipitant. Precipitates may 
be diſtinguiſhed into four kinds. The true precipitate is formed, 
when one of the principles, ſuch as it exiſted in the comp 
is ſeparated, and falls down. Thus, when ſulphat of ing 
formed by the combination of the ſulphuric acid and quick- lime, 
is decompoſed by the addition of potaſh, which has a greater af. 
finity with the acid, the lime is ſeparated, and, falling to the 
bottom, conſtitutes a true precipitate. There is a falſe precipi. 


precipitant or ſubſtance added, and one of the principles of the 
compound, falls to the bottom by reaſon of its inſolubility, and 
the ſeparated matter remains in ſolution. Thus, in decompoſing 
the nitrat of mercury, by the muriatic acid, with which the 
oxyd of this metal has more affinity than with the nitric acid, 
the new combination of mercury and muriatic acid falls to the 
bottom of the veſſel, forming a falſe precipitate, above which the 
nitric acid remains diſſolved in the water. This difference de. 
pends only, as we ſhall ſee elſewhere, on the difference of {0 
lubility of the matters. | 

It may eaſily be ſeen, that the erroneous. denomination of thi 
laſt example tends to miſlead beginners. It is certain that thoſe 
who gave the name of precipitate to the ſubſtance ſeparated 
from the compound by the precipitant, ought not to have applied 


it alſo to the new combination produced in the latter caſe. But Ty 
even ſuppoſing that the name precipitate were confined to the un 
matter ſeparated by the precipitant, it would ſtill be productit me 
of error, becauſe there are many caſes in which the ſeparated ma 
matter, ſo far from falling to the bottom, rifes and is yolatilized. Th 
This happens when the combination of muriatic acid, and at way 
moniac or volatile alkali, known by the name of muriat of an- diat 
moniac, is decompoſed by quick-lime, which has a greater aft liſts 
nity to the acid than the volatile alkali has; the latter flies off in 18 nt 
vapour, and no precipitate is found in the mixture. bini 
It is ſufficiently clear, that a liquid muſt be preſent in the op pear 
rations that afford the precipitates we have ſpoken of. In thi copp 
caſe, the precipitation is ſaid to be effected in the humid or mail of f 
way, in — to diſtinguiſh it from that which is made in the far f 
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dry way, or by fire, and which is effected either by fuGon or di- 
ſtillation; operations that will be engines at AR in the tole 


lowing part of this work. 
Modern chemiſts have likewiſe diſtinguiſhed, with much more 
propriety, two other kinds of precipitates. Theſe are pure and 


impure precipitates. The firſt comprehend all bodies which, af- 


W ter having been ſeparated from the compounds of which they 
| were before a part, regain all their former properties, and appear 
to have ſuffered no alteration, either in conſequence of their hav- 
W ing entered into a combination, or of their ſubſequent ſeparation. 
The number of this kind of precipitates is very ARG 
though that of the impure kind is ſtill greater.. 
That a precipitate may be very pure, it is neceſſary, not andy 


dat it ſhall have ſuffered no change in becoming part of a com- 


pound, but likewiſe that it ſhall have no affinity with the preci- 
pitant. For example, when ſpirit of wine is poured on a folu- 
tion of ſulphat of potaſh in water, the ſpirit of wine, which 
has more affinity with the water than it has with the ſalt, ſepa- 


rates the latter; and the ſulphat of petaſh falls down in a ſtate of 


purity, becauſe it has ſuffered no alteration from the water it was 
combined with, nor with the ſpirit with which it cannot unite. 
But if two bodies are mutually altered in their union, as is the 
caſe when metals are combined with acids, then the third body 
employed to ſeparate them, as for example, an alkali, will preci- 
pitate the metal in a ſtate widely different from that which is na- 
tural to it, and by that means exhibits an impure precipitate: 
The ſame thing happens, if the precipitant has any tendency to 
unite with the precipitate; as in the example already cited of a 
metallic ſolution decompoſed by an alkali, a part of this laſt ſalt 
may combine with the metallic oxyd, and render it impure. 
Theſe two cauſes of the impurity of precipitates are almoſt al- 
ways united. In ſome caſes there is a certain method of imme- 
dately diſtinguiſhing an impure from a pure precipitate ; it con- 
liſts in adding a much greater quantity of the precipitant than 
is neceflary to deſtroy the combination; and the exceſs, by com- 
| dining with, and diſſolving the precipitate, will cauſe it to diſap- 

pear, By pouring ammomac or volatile alkali on a ſolution of 


copper in the nitrie acid, the copper is precipitated in the form 


of flakes, of a light blue colour. The colour of this precipitate, 
{ar from reſexibling. the metallic brilliancy of copper, immediate- 
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ly ſhows it to be an impure precipitate. This is ſtill more con. 
firmed by the addition of more ammoniac. This ſalt diſſolves 
again the blue precipitate ; the liquor gradually reſumes its tranf. 
parency, and aſſumes a beautiful blue colour, which indicates the 
combination of the oxyd of copper with the volatile alkali. 
The exact knowledge of theſe impure precipitates, which pre. 
ſent themſelves much more frequently than the pure, is due to 
the reſearches of M. Bayen on the decompoſition of mercurial 
ſolutions by alkalis, and the ſtate of the precipitates obtained in 
theſe operations. After the foregoing explanations, it will not 
be at all difficult to underſtand the theory of decompoſitions, 
as effected by the addition of a third body to a combination of 
two decompoſitions -which are produced in conſequence of ſim. 
ple elective attractions. 

Beginners will not find the ſame facility in underſtanding 
what paſſes in the more complicated phenomena called by che. 
miſts double elective attractions. It often happens, that a con- 
bination of two bodies cannot be deſtroyed by a third or a fourth 
body ſeparately, though if a compound of the two laſt were 
preſented to the former, a mutual decompoſition would take 
place. An example will render this clear. Sulphat of potaſh, 
or the combination of the ſulphuric acid with potaſh, cannot be 

decompoſed either by the cold nitric acid, or by lime, if pre- 
ſented ſingly; but if to a ſolution of this neutral ſalt, be added 
the neutral ſalt formed by the union of the nitric acid and lime, 
the two combinations are mutually decompoſed ; the nitric acid 


5 | ſeizes the potaſh and forms nitre, while the ſulphuric acid uni- © 
ing with the lime, forms ſulphat of lime; which, being much a 


leſs ſoluble than the nitre, falls to the bottom. The explanation | fe 
of this remarkable phenomenon is as follows. The ſulphuric fe 
acid, united with potaſh, cannot be: decompoſed by the nitric gl 
acid, nor by lime ;, becauſe its affinity with the alkali is greater m1 
than that of the nitric acid or lime, either to itſelf, or to the a- of 
kali : But when we adg to ſulphat of potaſh a compound of ni 20 
tric acid and lime, the nitric acid tends to unite with the potaſh, " 
at the ſame time that the ſulphuric acid tends to combine with W 
|: the lime ; hence we may ſay, that the decompoſition of ſulphat 
of potaſh, begun by the nitric acid, is completed by the lime. 
To render this ſtill clearer, let us aſſume numbers to expreſs the 
forces. Suppoſe the ſulphuric acid to W =P alkali, with 
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a force denoted by 8; the nitric acid tends to unite with the al- 
kali with a leſs force, which therefore we may call 7; and there- 
fore cannot ſingly effect the decompoſition. Again, If, on the 
other ſide, the tendency of the'lime to unite with the ſulphuric 
acid be aſſumed, for the ſame reaſon, to be 6, it will, with the 
former, conſtitute a force equal to 13, which will overcome that 
by which the ſulphuric acid adheres to the potaſh. This com- 
pound force muſt alſo be greater than that which retains the 
nitric acid, and lime, in a ſtate of union. 

In double elective attractions, there are therefore two kinds 
of attractions, which it is neceſſary to diſtinguiſh. 1. That by 
virtue of which the principles of each compound adhere to each 
other. It is this degree of force, which, in the inſtance adduced, 
retains the ſulphuric acid, in union with the potaſh; and which 


cauſes the nitric acid to adhere to the lime. With Mr. Kirwan ' 


Ioan call this force the quieſcent attractions, becauſe it tends to 


preſerye the union of the four principles in their original form. 


2. That by virtue of which the four principles change their or- 
der, and form new combinations. In the inſtance cited, the 
potaſh unites with the nitric, and the lime with the ſulphuric 
acid. I ſhall call this force the divellent attractiont, becauſe it is 
capable of deſtroying the effect of the former. By the help of 
this uſeful diſtinction, we may very eaſily ſhow. what happens in 
the decompoſition and new combinations by double affinity, by 
| forming a table after the manner of Bergman. For this purpoſe, 
| the two compounds, that mutually decompoſe each other, are 
to be placed between two braces oppoſite each other, ſo that the 
acids may be oppoſed to the baſes they exchange; and by adding 
together the numbers expreſling the force of the attraction the 
four bodies have for each other, the two horizontal numbers will 
give the ſum of the quieſcent attractions, while the two vertical 
numbers will exhibit the divellent attractions by which they are 
oppoſed, If the ſum of the latter exceeds that of the former, 
2 double decompoſition and combination will follow. By apply» 


ing the method to the preceding nn its utility and preciion 
ill be eafily ſeen. 
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EXAMPLE. 


* RF Nitrat of Potaſh or Common Nitre. 


ſ Potaſh. Nitric Acid. 1 


| 8 quieſcent ® atration 4 =12 1 Nitrat 
| EN | 
| i 


'F 1 | Sulphuric 2 Lime. 

Þ | | NG, a2 7 
| | Sulphat of lime *. 

4 | | Chemiſts have not, till very lately, attended to the double 
| elective attractions; and the inſtances wherein they take place 
| are far from being all known. They who employ themſelves in 
chemical reſearches, will continually obſerve this kind of decom- 
poſition in circumſtances where no ſuch event has been ſuſpeQed, 


|! the attraction of compoſition, without taking notice of the inge- 
'© nious method, firſt contrived by a French chemiſt, to exhibit at 
one view, the leading phenomena of chemical decompoſition. 
Geoffroy the elder, paying greater attention than his predeceſſors 
to the various relations between chemical bodies, and the preci- 
pitations they occaſion, contrived, in the year 1718, to repreſent 
in a table, in the order of their affinities, ſuch bodies as he had ob- 
ſerved. We confine ourſelves to the ſimple mention of this happy 
thought in this place, which we ſhall have many opportunities of m 
explaining in the courſe of the preſent work. Geoffroy offered his ch 
table to the public, as an eſſay to which he foreſaw it would be 
neceſſary to make great additions and alterations. Many chemiſts 
have adopted and extended his plan. Rouelle the elder made 
ſome corrections in his table, and added ſeveral columns. M. de 
Limbourg, a phyſician at Spa, in an excellent diſſertation, which 
gained, in conjunction with M. Sage of Geneva, the prize pro- 


I Many occaſions will preſent themſelves in the hiſtory of faline 

vi matters, in which we ſhall obſerve theſe double elective attrac- | 

18 tions as lately diſcovered by Bergman, Scheele, &. andourſelves . | 

: | | We cannot quit the explanation of this eighth and laſt law of | 
| | t 
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* I have explained ten examples of double decompoſitions that take place in mir 
ing neutral ſalts, in my Memoirs et Obſervations de Chimie, Vol. I. p. 308 and 438 
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noſed i in 1758, by the academy of Rouen, has conſtrued a table 
of ſtill greater extent. Gellert, in his Metallurgic Chemiſtry, 
has alſo given a new one. But no one has advanced this part of 
chemiſtry more than M. Bergman, profeflor of chemiſtry at Up- 
ſal. This celebrated chemiſt has made a diſtinction between the 
attractions, like Baume, that take place in the dry and humid way. 
He has given two very large tables, in which he ſhows the elec- 
tive attractions which exiſt among a conſiderable number of bo- 
dies. We are likewiſe indebted to the ſame philoſopher for a 
very ingenious table, in which he has found means, by a peculiar 
diſpoſition of the chemical characters, to preſent a view of the 
phenomena of double elective attractions; of which an example 
has juſt been given 8. | 

b After having thus exhibited the principal phenomena of che- 
mical attraction, and eſtabliſhed the laws by which this force ap- 
pears to be governed, we ſhall proceed to take notice of certain 
caſes in which theſe laws ſeem to be ſubject to variation. We 
{hall not here enter into a detail of the facts on which this aſſer- 
tion is grounded, becauſe it is our intention to remark them care- 
fully wherever they occur. We ſhall, therefore, only obſerve, that 
the apparent inconſtancy of the laws of chemical attraCtion depends 
ſolely on certain modifying circumſtances; as the quantity of mat- 
ter, the temperature of the atmoſphere, motion or reſt, ſolution 
by water or by fire, that is, by the humid or dry way, the par- 
ticular ſtate of aggregation, &c. Bergman has conſidered all 
theſe circumſtances with ſingular care and attention, and has ex- 
plained the various apparent changes they are capable of producing 
in the laws of attraction. And from the whole of the facts which 
he has collected on this ſubject, he has concluded that theſe va- 
riations ought not to be regarded as exceptions, and are by no 
means ſufficient to weaken the evidence on which the doctrine of 
chemical attractions is founded. | 

This ſhows the opinion which ought to be entertained oft two 
other kinds of affinity admitted by certain authors. The one is 
the affinity of intermedium, and the other the reciprocal affinity. 
By the firſt, they underſtand that which cauſes a body in com- 
bination with another to ynite with a third, though it would not 
have united with this laſt, if it had not previouſly been combined 
with the former. Oil, for example, will not unite with water; 
but where the oil is combined with a ſalt, a ſoap is produced ſo- 
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luble in water, by the medium of the ſaline matter. It is not, 
however, the ſalt that renders the ſoap ſoluble, becauſe it does 
not exiſt in the combination with all its ſaline properties; but it 
is to the new properties of the compound ſoap, that its ſolubility 
in water is to be referred. This phenomenon is entirely depend. 


ent on the ſixth law of chemical attraction, which declares, 
that compounds poſſeſs properties entirely new and different from 


thoſe of their component parts i, 
The reciprocal affinity takes place when a compound of two 


bodies i is decompoſed by a third, and the ſeparated principle is 
capable of decompoſing the new combination in its turn; ſo that 


there ſeems to be a ſort of reciprocity in the effects. So, for ex- 


ample, it is found that the ſulphuric acid has à greater affinity 
with the potaſh, than the nitric acid has, and that it decompoſes 
the combination of this alkali with the latter acid. Nevertheleſz, 
the nitric acid cap, in its turn, ſeparate the ſulphuric acid from the 
alkali, ſince it is certain, that by heating ſulphat of potaſh with 
nitric acid, nitre is again formed. This kind of affinity admitted 


by M. Baume, is to be attributed ſolely to the circumſtances 


that produce a change in the forces. Theſe are heat, and the 
ſtate of the nitric acid, for it is in fact neceſſary that the nitric 
acid ſhould be hot, to decompoſe ſulphat of potaſh; and the 
nitre formed in this operation is again decompoſed by the ful- 
phuric acid, when the mixture becomes cold. The fuming or 
nitrous acid decompoſes ſulphat of potaſh in the cold; fuming 
ſpirit of ſalt or.muriatic acid, effects the ſame decompoſition ac- 
cording to the obſervation of M. Cornette; but Bergman has 
Vith great reaſon obſeryed, that the odorous and fuming acids 
have other affinities than the ſame acids ſimple; beſides there is 
only a ſmall part of the ſalts decompoſed k. 

In every caſe of this kind, the order of the elective attractions 
is changed and modified by particular circumſtances. The other 
facts whereon Baume founds his proof of the reciprocity of af- 
finities, as the decompoſition of muriat of ammoniac by lime, 
and of the muriat of lime by concrete wolatile alkali, belong 
to the double afhnities, as we ſhall ſhow when we come to {peak 
of theſe ſalts. | 

Nothing remains at preſent to conclude our diſcourſe on chemi- 
cal attraction, but to cxhibit the opinions of ſome philoſophete 
on the cauſe of this force, 
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Thoſe hitoſophies who firſt attended to the ſubject, attri- 
buted it either to the ſimilar figure of the elementary molecules, 
or the phyſical configuration of the parts; or laſtly, to a certain 
occult relation of their intimate compoſition. "Theſe early notions | 
are neceſſarily connected with the mechanical explications that 
embarraſſed the ſcience of natural philoſophy in its infancy. 

The greater number of ſuch modern philoſophers, as have en- 
deayoured to explain the cauſe of the attraction of compoſition, 
have obſerved a remarkable analogy between this force and the 
Newtonian attraction, Perſuaded that nature is ſimple and uni- 
form, they concluded that the property of mutually uniting muſt 
depend on that of attraction, which all bodies are known to poſ- 
ſeſs. They have formed a compariſon between the ſmall chemi- 
cal bodies which are acted on by the affinities, and the large maſſes 
that compoſe the univerſe; and have conſidered the approach 
of the former to each other to combine, as a conſequence of their 
mutual gravitation. It is by adopting and modifying this opinion, 
that certain writers have concluded that the force of chemical 
| attraction follows the ratio of the weight, and that the heavieſt 

body poſſeſſes the power of combination in the ſtrongeſt degree. 
This hypotheſis ſometimes agrees with facts“, as may be obſerved 
with regard to many acids; but it cannot be reconciled to a great - 
number of decompoſitions, particularly thoſe of metallic ſubſtan- 
ces. Laſtly, Some chemiſts have been fo firmly perſuaded, that 
there is the moſt perfect relation between attraction and chemical 
alfinity, that they have imagined it poſſible to meaſure and com- 
pute its force from the adheſion that takes place between bodies 
M. de Morveau, whoſe opinion is of ſuch authority as to lead 
that of other philoſophers, has made ſome experiments with a 
view to prove this aſſertion. Theſe experiments conſiſted in ap- 
plying to the Er of mercury, metallic plates of equal: dia- 


1 3 
2. 


* This hypotheſis cannot be brought to the teſt of experiment, 5 muſt therefor: 
_ teſt, like many others, entirely on its analogy with the phenoniena that ſuggeſted 
it. The force of affinity may depend on, or be proportional to, the ſpecific gra- in 
vity of the particles; but that ſpecific gravity has no ſort of relation to, and con- 11 
ſequently is not deducible from, the ſpecific gravity of the aggregate. "To mention {| 
one, among innumerable inſtances, in proof of this aſſertion ; it is found that fixed | 34 
air compoſes more than one third of the weight of calcareons ſpar, whoſe denſity 4 
is nearly three times that of water; but when diſengaged, occupies many hundred 

times the former ſpace. Can the ſpecific gravity of itsparticles be inferred from 

either ſtate ? Certainly not, . 5Y 
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170 meter, ſuſpended from the arm of a balance, whoſe other ex. 
i tremity carried a diſh as uſual. In this laſt he placed weights, 
? | till their force became equal to the ſeparation of the metallic plate 
1 from the ſurface of the mercury; and he found, by comparative 
1 trials with different metals, that their adherence to the mercury 
was various, and agreed ſufficiently near with thetr affinities with 
=. that fluid. That is to ſay, he found that gold adhered the ſtrong. 
eſt of all to the mercury, while cobalt, which is ſcarcely capable 
of uniting with it, was raiſed very eafily from its ſurface, with 
which it has little or no adheſion. We muſt here take the li 
|= of obſerving, that experiments of this nature are ſubject to error; 
1 becauſe the lower ſurface of the metal muſt combine with the 
| | mercury; and the portion of amalgam formed in theſe circum- 
ſtances, being naturally more conſiderable where the metal unites 
the moſt readily with the mercury, will then add moſt to the 
weight, and conſequently require the greateſt force to lift it up 
| from the ſurface of the mercury. A plate of metal which ad- 
=: - heres to the ſurface of mercury cannot be taken up without ſe- 
parating the latter into two ſtrata; ſo that the weight neceſſary 
| to raiſe the plate is employed in overcoming the adheſion of the 
il particles of mercury to each other, 4 0 than in deſtroying that 
. of the foreign metal with the mercury l. ; 
| | We may therefore affirm, that if the chemical attraction be the 
i il | fame force with the general attraction, the difference of its laws, 
j compared with thoſe of this laſt, ſhows that it is a peculiar mo- 
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V dification. This truth may be eaſily aſcertained, by comparing a 
i the knowledge we poſſeſs concerning the attraction admitted by Bi 
5 Newton, with that which we begin to have concerning chemical ar 
| attractions. In reality, the former does not ſenſibly ſhow itſelf, be 
j | but between large maſſes, and is in the direct ratio of the quan- 4 
1 tities of matter; whereas the latter is not obſerved, but between of 
| very minute bodies, and is abſolutely inſenſible when the bulks ta 
1 S are conſiderable. The former exerts its power at immenſe di- 1 
1 | {ſtances ; but the latter does not exiſt but between bodies in con- _ 
4 tact, or nearly ſon. We have already exhibited a part of the * 
1 compariſon, in examining the laws of the chemical force we are a 
inquiring into; and we believe, after all theſe reflections, that the Ss 
q difference between theſe two natural phenomena is ſufficiently = 
* marked to render it incumbent on philoſophers to make a diſtinc- aff 
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NOTES ON CHAPTER III. 


[Page 107.] 


Ma. Kizwan, in the courſe of his intereſting inquiry concerning che at- 
tractive powers of the mineral acids, has drawn the line of diſtinction between 
chemical affinity and thoſe other powers of matter to which it has the greateſt 
reſemblance. The inſertion of his remarks upon the ſubje&t may not be unac- 
ceptable or unuſeful to the reader, ſince Fourcroy has neglected to give a diſeri- 
minative charaQer of chemical affinity. news 50 

« Chemical affinity or attraction, Mr. Kirwan obſerves, is that power by which 
the inviſible particles of different bodies intermix and unite with each other ſo 
intimately, as to be inſeparable by mere mechanical means. In this reſpect it dif- 
fers from magnetic and electrical attraction. It alſo differs from the attraction of 
coheſion * in this, that the latter takes place betwixt particles of almoſt all ſorts of 
bodies whoſe ſurfaces are brought into immediate contact with each other; for 
chemical attraction does not act with that degree of indifference, but cauſes a 
body already united to another, to quit that other and unite with a third ; and 
hence it is called ele&ive attraction.“ (Philoſophical Tranſactions ſor 1783, p. 3 5.0 

b Morveau has very properly pointed out the inaccuracy of this expreſſion. 
The affinity of compoſition does not become fronger as the affinity of aggregation 
becomes weaker ; it becomes more efficacious only; the abſolute power remains the 
ſame; the effect produced by that power increaſes, becauſe the reſiſtance oppoſed 
to it is leſſened. It is farther obvious, that in eſtimating the force which the af- 
finity of aggregation oppoſes to chemical union, we ſhould conſider it in exactly 
the ſame light as any other quieſcent affinity. 

© This law of chemical affinity has been rejected by Morveau, as conveying an 
incorre& notion of what occurs in the caſes of chemical combination to which it 
refers. © It frequently happens, he obſerves, that three ſeparate bodies, meeting 
in a fluid ſtate, unite and form a ſingle maſs, which has all the characters of a 
homogeneous compound, and which retains this character, till its compoſition has 
been altered by chemical means. Such, for example, is the alloy of gold, ſilver, 
and copper. It has been ſaid, that this triple compound is formed by what has 
been called complicated affinity ; but this kind of expreſſion ſerves only to divert the 
mind from taking a juſt view of the experiment. It is not the ſimultaneous and 
reciprocal action of the three metals on one another, that is eſſential to the ſucceſs 
of the experiment ; we have this proof of it, that precifely the ſame alloy is ob- 
tained, whether the gold be firſt united to the ſilver or to the copper, or thbugh 
the copper be firſt united to the ſilver. We have, therefore, two ſucceſſive com- 
binations during the experiment. In the firſt of theſe, a particle of one of the 
metals comes into contact, and unites with a particle of one of the other metals; 
and, in the ſecond, this newly formed compound unites to a particle of the third 


td 


Mr. Kirwan inadvertently uſes the term of cobęſon in the ſenſe which is 
more properly expreſſed by the term of adhe/ion. By coheſion is meant the force 
which unites together particles. of the ſame nature, and forms them into a more 
or leſs reliſting maſs; and in this ſenſe coheſion is nearly ſynonymous with the 
affnity of aggregation, while adheſion denotes the force by which the ſurfaces of 
| Udterent bodies are held together. . 
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meta], in conſequence of the affinity which, as a compound, it acquires for that me. 
tal. There is nothing peculiar or extraordinary in this. We have, as in other 
caſes, two chemical forces acting i in ſucceſſion, 1 two ſucceſſive combination 


formed.” 


« What has been aid * the alloy of three metals, may be applied to all fi. | 
lar caſes, whatever be the nature or the number of the ſubſtances employed.“ Set 


article Affinity of the chemical part of the Encyclopzdie Methodique, page 550. 


d Nothing can be more certain than that every chemical compound poſſeſſes 


properties, which are in ſome reſpe& different from thoſe of its immediate con- 


ſtituents, and which cannot be ſaid with any meaning to poſſeſs a middle nature 


between the properties of theſe conſtituents. But we are not on that account to 
imagine, that compounds uniformly differ in all their chemical properties from 
their conſtituents, as the expreſſions of Fourcroy would ſeem to imply. The con. 
trary is frequently the caſe. The faturated carbonates of potaſh, ſoda, ammoniac, 
&c. a& upon the vegetable colours in the ſame manner that the pure alkalis do, 
The acidulous tartrite of potaſh is a regular compound, its conſtituents having a 
determinate degree of ſaturation, and yet it reddens the vegetable colours as the 
ſame acid would have done. Ammoniacal falts participate, in general, in the vo- 
lubility of their baſe. We are not, therefore, to deny the reality of compound; 
exhibiting in ſome reſpect the ſame character with their conſtituents. It is enough 
to diſtinguiſh them as different ſubſtances, that the compound poſſeſſes ſome one 
chemical property, differing in nature or in degree from any property of its con- 
ſtituents, or from any combination of their ſeparate properties. 

e This enumeration is obyiouily not a law of chemical affinity, but a h of 
definition. 

f In every caſe where more than three bodies are required for the produtin 
of any chemical change, we are to conſider the change as depending not on {imple 
affinities, or on the independent affinities of ſingle bodies to one another, but upon 
the ſum of all the affinities that concur in tending to the ſame end. To illuſtrate 
the Principle, that in double elective attractions, the condition by which decom- 
poſition 1 is determined, is the relative ſum of the divellent and quieſcent affinities, 
and not the ſtrength of any ſingle affinity in particular, it may be proper to give 
an inſtance in which no decompoſition takes place, when two ſabſtances are uſed 
together, though either of them could have effected it if employed ſeparately. 
The acetite of lime is decompoſed by ſoda it is alſo decompoſed by the muriatic 
acid; yet it reſiſts the Nd of the muriat of ſoda. The ene ug table wil 


illuſtrate this. 


"Acetous acid 25 Soda 


Acetite 5 Muriat 
f 19 ＋ 281247 of 
Une. ſoda. 
Lime 20 Muriatic acid 

=45 * 


fn this inſtance the affinity of ſoda with the acetous acid is greater than the 20 


finity of lime with the acetous acid; and the affinity of the muriat ic acid with lime, 


is greater than the affinity of the acetous acid with lime; but the ſum of the qur 
eſcent affinities is greater than the ſum of the divellent antics and therefore ie 
decompoſition takes place. 


6 
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In many caſes of chemical mixture, the affinities of more than four ſubſtances 
are concerned; and though ſuch eaſes are of the ſame nature with thoſe of double 
elective attraction, yet that term ſeems inapplicable to them, as it implies the 
agency of only four ſubſtances. Morveau has, therefore, ſubſtituted the language 
of concurrent affinity ( Hit par concours ), as the general expreſſion for that tendency 
to chemical combination, which is rendered efficacious by the conjoined operation 
of more affinities than one. It is probable that this expreſſion will be adopted in 
the place of Bergman's, which is evidently too reſtricted in its literal application. 

It may farther be obſerved, that in every chemical combination which is pre- 
ceded by decompoſition, the divellent and quieſcent affinities muſt be equally at- 
tended to, in order to form a proper eſtimate of the experiment; for the quieſcent 
affinities, even when they cannot prevent decompoſition entirely, are {till able to 
diminiſh the promptitude with which it takes place, and frequently to ſtop its pro- 
grels at 2 lower point of ſaturation than the divellent ſubſtance would otherwiſe 
require. Tt will alſo happen, on ſome occaſions, that the concurrence of ſeveral 
divellent affinities, though not abſolutely neceſſary to produce a particular effect, 
will yet accompliſh it more completely, and with greater facility, than any of 
them ſingly could have done. 

85 See Appendix. 

h The laws of chemical affinity propoſed by Morveau / En: yclopidie Mithodique } 


te ſomewhat different from Theſe enumerated by Fourcroy. The followingJare 


additional. 
I. He ſhows, by a variety of hiſto that when two bodies are preſented to 


one another, the ſaturated compound which reſults from their union is capable of 
combining with an exceſs of one of its conſtituents ; but the affinity which pro- 
& duces this laſt combination is not the ſame with the affinity which unites together 
| the conſtituents of the compound itſelf; nor has it any known ratio to this latter 
affinity, but appears in every caſe to be very much inferior to it in ſtrength. The 
following is an appoſite illuſtration of theſe facts and inferences. The ſulphat of 
| barytes is one of the ſtrongeſt combinations in chemiſtry, and one of the moſt 
perfect neutral ſalts, When the concentrated ſulphuric acid is boiled over this 
falt, a conſiderable quantity of it is diſſolved by the acid, and this quantity is in- 
| ſtantly precipitated by the addition of water. We have in this caſe a ſaturated 
compound (the ſulphat of barytes) uniting with an exceſs of the ſulphuric acid, 
| but forming with it a combination infinitely weaker than the ſulphat of barytes, 
nee it is decompoſed by the ſingle affinity of the ſulphuric acid with water. 

The following caſe will ſerve as another example of a compound uniting with 
an exceſs of one of its conſtituents, and at the fame time will explain an apparent 
exception to the ordinary laws of chemiſtry. It is known that the ſulphuric acid 
has a greater affinity with potaſh than the nitric acid has. Yet Baume, having dif- 
ſolved the ſulphat of potaſh in an equal weight of the nitric acid, obtained, after 
| filtrating and evaporating the liquid, a conſiderable quantity of cryſtallized nitrat 
of potaſh, In this curious experiment there is a part only of the ſalphat of potaſn 
decompoſed, and what remains is combined with an exceſs of acid. From theſe 
lata, and from analogous experiments with the muriatic and tartarous acids, Mor- 
veau has conſtrued the following table, to explain in what manner part of 8 
| falt is decompoſed. l 


a. J. | | OY 
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N Nitrat of potaſh, | 
" Nitric acid, 58 Potaſh faturating 
. about one third of 
2 | =o the neutral ſalt. 
62 = 64 
Sulphat of potaſh which 34 Sulphuric acid faturat- 
remains undecompoſed, — ing the ſame quantity 
=92 of the ſalt. : 
LL 


 Sulphat of potaſh with an exceſs of acid. 


| To take but one other example: Morveau procured oxalate of lime, by ad. 
ding lime-water to the oxalic acid; the liquor was ſtill manifeſtly acid; he. ſepa, 
rated the oxalate, poured a little diſtilled water upon it, to carry off any uncom. 
bined acid which might be adhering to it, and having placed it to digeſt in the 
fyrup of violets, he found, at the end of a few hours, that the ſyrup was quite 
green. We have, in this inſtance, the example of a compound uniting with an ex 
ceſs of one of its conſtituents, though an exceſs of the other was preſent. / 

Farther illuſtrations of this principle will be found in the valuable eſſay of Mor. 
veau, ſo frequently referred to. 

II. Chemical affinity is influenced by temperature; its * being 0 
retarded, prevented, or rendered nn according to the degree of the tem. 
perature. 

Ibere are two caſes in which temperature mnodefies the action of chemical ab 
finity. 

In the one, the compoſition of bodies is changed, in conſequenee of the are 
affinities of their conſtituent parts with caloric, at different temperatures. Let 
the affinity of A with B=6, and its affinity with C5; and let A and C be ver 
ſixed ſubſtances, or at leaſt much leſs volatile than B; it is evident that A wil 
unite with Bat the common temperature of the atmoſphere. But if we conti. 
nually augment the temperature of the three bodies, the tendency of B to the 
Nate of vapour will increaſe in a faſter ratio than that of the other two, till at 
length this tendency, in addition to the affinity of -C with A, will overcome the 
oppoſing affinities, B will eſcape in the ſtate of vapour, and C will combine with 
A. Obvious examples of this mode of influencing affinity by means of tempen. 
ture, occur in every part of chemiſtry. 

2. But there are caſes where the accumulation of caloric appears to be a cond. 
tion eſſentially requiſite to determine bodies to unite, without the caloric combi 
ing with any principle ſeparated from theſe bodies at the inſtant of their uniot, 
or remaining in combination with the new compound formed. This happen 
particularly in caſes of combuſtion. Every one knows, that either a very big 
temperature, or an ignited ſpark, is necellary to diſpoſe hydrogenous gas to com. 

bine with the oxygen of atmoſpheric air or oxygenous gas. In the fame mant 
charcoal, ſulphur, phoſphorus, &c. require a certain temperature for their com 
buſtion, and this temperature varies according to the condition of the oxygen p- 
ſented to them. Some of theſe bodies, phoſphorus in particular, Jon at different 
temperatures, but with very different phenomena, 

Theſe effects of temperature upon the affinities have been expreſſed in a gener 
form by Morveau ; but he has not attempted to give any rationale of their cauſe; 
nor indeed has any ſatisfactory explanation of them been given. From ſome cr 
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ſory obſervations made by Berthollet, in an Eſſay on the Combination of Metallic 
Oxyds with Alkalis and Lime, publiſhed in the em. de I Acad. 1788, it would 
appear, that, together with Monge, he conceives that this effect of caloric may be 
generalized, by aſſimilating it with the operation of. mechanical preſſure in pro- 
ducing certain chemical combinations, Dr. Higgins has alſo propoſed an hypothe- 


Converſations, | 

i Two ſubſtances may have an affinity for each other, and yet there may be 
ſome condition wanting, which is neceſſary for their chemical combination. Acids 
do not unite with alkalis, unleſs the one or the other be diſſolved in water. Me- 


Als do not form alloys with one another, unleſs in the ſtate of fuſion. Metals are 
W not ſoluble in acids, unleſs they be previouſly oxydated; and ſome metallic oxyds, 
BW thoſe of iron and manganeſe for example, are capable of uniting with an exceſs of 


| oxygen, ſo as to be rendered a ſecond time inſoluble in acids. To procure a che- 
mical union in theſe caſes, it is neceſſary to diſſolve the acid or alkali in water; 
to reduce the metals to the ſtate of fuſion; to oxydate the metals that are to be 
combined with acids; and to diſoxygenate in part thoſe oxyds which have receive 
ed an exceſs of oxygen. But when ſubſtances have an affinity for one another, 


and are prevented from combining together, as in theſe inſtances, by the abſence 


| of ſome condition neceſſary for their union, Morveau applies the term of affinite 
| /iſpoſce, to expreſs the change that takes place in the operation of their afhnities 
when the obſtacle to their union is removed. The uſe of this term may be illuſ- 
trated from an explanation that has been given of the facility with which iron diſ- 
ſolves in the diluted ſulphuric acid. It is neceſſary to mention that iron, like the 
| other metals, is inſoluble in acids, unleſs previouſly oxydated. It is alſo neceſſary 
to obſerve, that iron decompoſes water ſlowly at the common temperature of the 


iron, the water is then decompoſed rapidly, and an oxyd of iron formed, which is 
immediately diflolved by the acid. But upon what principle does the ſulphuric 
acid accelerate the decompoſition of the water, ſince it is incapable of uniting with 
the iron till the latter has already decompoſed the water, and acquired the ſtate of 
a black oxyd? We anſwer, that the iron, in its metallic ſtate, has an affinity with 
the ſulphuric acid ; that this affinity is indeed incapable of producing combination, 
becauſe the iron, in its metallic ſtate, cannot unite chemically with any acid; but 
this affinity, ſuperadded to the affinity which the iron has for the oxygen of the 
water, increaſes the ſum of the divellent powers that concur in producing the 
lame ſeries of chemical effects. The affinity of the acid with the iron, and the af- 
finity of the iron with the oxygen of the water, tend to the ſame common end, 
| and therefore favour each others operation, The affinity of the iron with the 
acid is unable to produce combination; we muſt have the affinity rendered efficacious 


pliſned by the concurring affinities of the iron with the acid, of the iron with the 
| oxygen of the water, and of the acid with the oxygen of the water, as forming a 
necelſary conſtituent of the metallic oxyd. ä ' 

It would appear, then, that the term of affFnit? diſ»oſte may be retained in che- 
miſtry, as the general expreſſion for the effect of thoſe changes in the condition 
ot bodies; in conſequence of which, their previouſly exiſting affinities are enabled 
F 0 unite them chemically, and without which their union is impoſſible. The / 
fit? diſpoſe includes, as a more comprehenſive expreſſion, what has been called 
the affinity of intermedium. It is obvious that the criticiſm in the text will not ap- 
ply to the generality of caſes, It is true, that the ſulphat of iron is ultimately 

| | — 


ſis on the ſubject. See Minutes of the Society for Philoſophical Experiments and 


atmoſphere ; but when a little ſulphuric acid is added to the mixture of water and 


(the affinits diſpoſze of Mor veau); we muſt have the iron oxydated. This is accome- 


- ring the ſhort time that the metals are in contact, is too inconſiderable, to coun. 
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formed in conſequence of the affinity of the ſulphuric acid with the oxyd of i iron; 
but how are we to explain the rapid oxydation of the iron, without a preyioufy 
exiſting affinity between the acid and iron, in its metallic ſtate; and why not 2 
general expreſſion, for the effect produced by the removing of thoſe obſtacles in 
the preſent condition of a body, which prevent its affinity for another body from 
accompliſhing their union. 
k The anomalous appearances which had ſuggeſted to Baume and Cornette the 
idea of reciprocal affinity, have been accounted for, on the received principles gf 
chemiſtry, by Bergman and Berthollet ; and their explanations have been adopted 
by Morveau, who has inſerted them, together with ſome valuable ſpeculations of 
his own, in the article Afjinity, of the Encyclopedie Mithodique. It was intended to 
have given an abſtract of his remarks upon the ſubject; but, on farther reflec. 
tion, it was thought that the length and minuteneſs of the diſcuſſion did not ſuit 
with the nature of an elementary work. 
| Theſe objections to Morveau's experiments, it may be obſerved, are rather 
ſpecious than ſolid. For, in the ii, place, the quantity of amalgam formed du. 


terpoiſe the weights which are found neceffary to break the adheſion of the mer. 
cury with the metallic plates; and, in the ſecond place, if theſe weights meaſured 
the adherence of the particles of the mercury among themſelves, it is evident tht 
after making proper allowance for the ſmall quantity of amalgam really formed, 
the ſame weight ſhould, in every inſtance, overcome the adheſion, and the m. 
ture of the metallic plate employed, ſhould have no farther influence upon the 
reſult. The imperfection in Morveau's theory, of obtaining data for calculating 
the affinities, from the forces with which different bodies adhere together, conſiſt 
principally in the difficulty, if not impoſſibility of applying his method to a ſuff. 
cient variety of ſubſtances. 

m Jt cannot be ſaid that the compariſon made by Fourcroy, tends much to elu, 
_ cidate the queſtion which he has ſubmitted to his readers. For, in the firſt place, 
ſo far is the Newtonian attraction from being conceived to act upon enormou 
maſſes only, that it is a principle of the Newtonian philoſophy, that every par. 
ticle of matter gravitates towards every other particle of matter; and, in the + 
cond place, what is called by Fourcroy contact, is in truth only a ſmaller diſtance, 

The views entertained by the moſt philoſophic of the modern chemiſts, upon 
this intereſting ſubjeR, are too remote from immediate application, to find a place 
with any propriety, in an elementary work. They will be found in Bergman's 
Opuſcula, in Macquer's Dictionnaire de Chimie, article Peſanteur, and in the article 
Affinity, of the chemical part of the Encyclopezdie Mithodique. 
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CHAPTER IV. . 1 


CONCERNING THE PRINCIPLES OF BODIES. | | | 


PairosornrRs in every age have admitted, that alf the variety x 
of natural bodies are formed of primary ſubſtances, more ſimple | 7 
than themſelves, which they have diſtinguiſhed by the name of 
principles. Chemiſts, who have the ſtrongeſt conviction of this 
leading truth from their analyſes, have formed ideas, ſufficiently - 
preciſe, of the nature and difference of theſe principles; and have 
even admitted of ſeveral kinds or clafſes. It muſt, however, | 
be remarked, that they uſe the word principle in a different ſenſe 
from that adopted by the ancient philoſophers. For Ariſtotle and 1 
Plato did not regard any ſubſtances as principles, but ſuch as are | I 
too minute to be perceived by the ſenſes, and form, by their aſ- | 
ſemblage, bodies ſomewhat leſs ſimple, which are within the 
ſphere of perception, and were by them called elements ; a name 
ſtill retained, and applied in the ſame ſenſe. - Theſe are what 
other philoſophers have called atoms, or monades. But chemiſts, 
not chooſing to enter raſhly into ſpeculations of ſuch ſubtlety, ap- 
ply the term principle in general to all bodies, whether ſimple, 
| or more or leſs compounded, which they obtain in their analyſes, 
Yet as principles, conſidered in this point of view, are very dif- 
terent from each other, they have divided them into proximate 
and remote principles. The firſt are ſuch as are ſeparated by a 
firſt analyſis, and may themſelves be compoſed of others; as for 
example, in decompoſing a vegetable ſubſtance, oils, mucilages, 
lalts, and colouring matter, are ſeparated from each other, and 
are the proximate principles from which, by new operations, other 
principles may be had. By remote principles they mean ſub- 
ſtances more ſimple than the former, and which enter into their 
compoſition, ſince they may be obtained from them. Thus mu- 
cilage, which is a proximate principle of plants, affords by a new 
analy{is, oil, water, and earth, which are the remote principles 
of the plant. Other names have alſo been given to theſe two 
orders of principles, ſuch as principiated principles applied to 
thoſe before called proximate, and principiant principles to thoſe 
called remote. Theſe words imply, that the firſt are compoſed 
of other principles, and that, the laſt are ſuch as ſerve to form or 
conſtitute others more compounded. Some chemiſts, for greats 
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er accuracy of diſtinction, admit ſeveral orders of principles. 
They call the moſt ſimple, or thoſe which cannot be farther de. 


compoſed by the name of primitive, primary, or firſt principles 


Principles compoſed of the moſt ſimple kind united are called ſe. 
condary, or principles of the ſecond order. Principles of the 
third order or ternary, are compoſed of theſe laſt; and laſth, 
thoſe into the formation of which principles of the third order 
enter, are termed quaternary, or principles of the fourth order, &c. 

The number of elements has not been always the fame among 
philoſophers. Some, with Thales the Mileſian, who was placed 
in the rank of the ſeven ſages of Greece, on account of his un- 
common acquiſitions in knowledge, and who, according to Ci. 
cero, was the firſt of the Grecians who applied himſelf to natural 
philoſophy, have regarded water as the principle of all things, 
According to Anaximenes, air occupies this firſt place; and he 
did not ſcruple to deify this element, on account of its great im- 
portance. Some conferred this privilege on fire; others beſtow. 
ed the chief dignity upon the earth; the leader of whom wiz 
Anaximander, the diſciple of Thales, and maſter of Anaximenes 
Every one found reafons to ſupport his own opinion; but as the 
true method of conducting chemical and philoſophical inquiries 
was not then known, we can only eſteem theſe early notions 23 
ſpeculations, void of all foundation. About three centuries after 
the time of theſe philoſophers, Empedocles, a phyſician of Agr- 
gentum, thinking that the ſimplicity of the four ſubſtances con- 
tended for as the principle of all things to be equal, united thei 
opinions, by admitting of four elements, fire, air, earth, and wi 
ter. In the ſucceeding age, Ariſtotle and Zeno, adopted this 
opinion of Empedocles. When we reflect on the reaſons that may 
have engaged theſe philoſophers to regard fire, air, earth, and 
water, as elements, we are tempted to believe that it was not ſo 
much in conſequence of the accurate knowledge they could hart 
acquired concerning theſe bodies, as in conſideration of the may: 
nitude or quantity of them, and the conſtancy or invariability ci 
their properties. Fire exiſts every where, and its effects are al 
ways the ſame, Our globe is ſurrounded by a maſs of air, the 
quantity and eſſential properties of which do not ſeem ſubject i 
variation, Water is preſented to obſervation on the ſurface d 
the globe, in an immenſe maſs, that fills up or conceals its ab. 
ſes or cavities. And laſtly, the globe itſelf, whoſe volume fi 


re 
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exceeds that of all the creatures that inhabit it, ſeems to be form- 
ed of a ſolid matter, little ſubject to change, capable of fixing 
or ſerving as a baſe for the other elements. It appears, there- 
fore, that it was from conſiderations, founded on the bulk and 
apparent immutability of theſe bodies, that the early ſages were 
induced to regard them as the materials uſed by nature in the 
formation of all other beings. 

The peripatetic doctrine which prevailed in the ſchools, pre- 
ſerved the Ariſtotelian diſtinction of elements, till the ſixteenth 
century. At that period, the ſect of chemiſts, which began to 
prevail againſt the others, admitted a new diviſion of primary 
ſubſtances. Paracelſus, who was more of the artiſt than of the 


| philoſopher, drew immediate inferences from the reſults of his 


operations, and acknowledged five principles; ſpirit, or mercury 
phlegm, or water; falt ; ſulphur, or oil; and earth. By ſpirit, 
or mercury, he underſtood every volatile and odorous ſubſtance, 
though ſimplicity is far from being a conſtant attendant on theſe 
properties. Water, or phlegm, comprehended in his ſyſtem, all 
the aqueous and inſipid products, and is liable to the ſame objec- 
tion with reſpeCt to its pretended ſimplicity. The word ſulphur, 
or oil, denoted all inflammable and liquid ſubſtances, and con- 
ſequently a great number of bodies more or leſs compounded, as 
the fat and eſſential oils, &c. By ſalt, he indicated every dry 
ſubſtance poſſeſſing taſte and ſolubility, qualities that belong to 
a great number of compounds. Laſtly, the word earth was ap- 
plied in the doctrine of Paracelſus, to the dry, fixed, and infipid 
reſidues of operations, all of which are now known to differ ex- 
ceedingly from each other. 

Beccher, a chemiſt, who has treated his ſubject i in the moſt 
philoſophical manner, was aware of the objeCtions that might be 
urged againſt the doctrine of Paracelſus, and from a conviction 
of its inſufficiency, he took another method of arriving at the 
elements of bodies. He firſt diſtinguiſhed two principles very 
| different from each other, humidity and dryneſs, water and earth. 


He divided this laſt into three ſpecies namely, the vitrifiable, 


milammable, and mercurial. Vitrifiable earth, according to him, 

| was that which alone poſſeſſed the greateſt immutability; but 

when mixed with ſome ſaline earth, was capable of forming the 

molt perfect glaſs. He likewiſe attributed to it the property of 

rendering the combinations into which it entered ſolid, and little 
I in 
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acid, &c. &c.; and its peculiar character was that of, giving a 


mical phenomena. 


acknowledged four elements, and have conſidered each in two 
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ſubject to change. The inflammable earth was known by the 
combuſtibility of the combinations it enters into. Beccher re. 
garded it as the cauſe of ſmell, colour and volatility. The mer. 
curial earth he ſuppoſed to conſiſt in mercury, arſenic, marine 


very conſiderable volatility and ſpecific gravity to the compounds 
in which it exiſted, two inconſiſtent and oppoſite qualities. Stahl 
adopted, and commented on the doctrine of Beccher. He re. 
garded the inflammable earth as fire fixed in bodies, and gave it 
the name of phlogiſton. He could not ſucceed: in demonſtrating 
the exiſtence of mercurial earth, and there has nothing been done 
to this day, which at all eſtabliſhes it. Stahl paid the greateſt 
attention to combinations containing earth, water, and eſpecially 
phlogiſton; but he has ſaid nothing concerning air, which Hales, 
nearly at the ſame period, proved to be a principal agent in che- 


From the time of Beccher and Stahl to the preſent, 'no change 
has been made by chemiſts in the doctrine of the elements laid 
down by the ancient philoſophers. Like Empedocles, they hare 


different ſtates. 1. As free, or inſulated ; in the large maſſes of 
air in the atmoſphere, fire taken in general, water, and the earth 
attended to at large. 2. Or as combined; and in this ſtate they 
conſider the air, water, and earth obtained from different bodies 
in their ultimate analyſis. 

Such were nearly the opinions adopted reſpecting the prin- 
ciples of bodies, from the time of Beccher and Stahl, till the va- 
luable diſcoveries of Prieſtley and Lavoiſier, on fixed air and com- 
bination, neceſſarily introduced new opinions. In fact, if im- 
mutability of properties, unity, and ſimplicity, be the true cha» 


racters of elements; and if it be admitted that this ſimplicity no c 
longer exiſts, when a body is found to be capable of decompolis c 
tion, it muſt be remarked: 1. That among the four elements 0 
there are at preſent two, namely air and water, the principles 8 
of which, art has ſucceeded in decompoſing and ſeparating n 

e 


2. That elementary earth is a creature of the imagination; ſince it 
can be ſhown, that there are many earthy ſubſtances equally ſim- 
ple and incapable of decompoſition, as will be done in the con- 


cluding chapter of this firſt part. 
From this general enumeration of facts hereafter to be mots 
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fully explained, it follows, that the true principles or firſt ele- 
ments of natural ſubſtances eſcape our ſenſes and our inſtru- 


ments; that many of thoſe which have been called elements, on 


account of their volume, their influence in the phenomena of 

nature, and their multiplied exiſtence in its different products, 
are very far from being ſimple and unchangeable bodies; and 
that probably there i is no body which falls under our ſenſes which 
is imple, but only appears ſuch to us, becauſe we do not poſſeſs 
the means of decompoling it. 'Theſe aſſertions moreover agree 
with the opinions of fome of the ancient philoſophers, who did 
not regard the elements as the moſt ſimple bodies, but ſuppoſed 
them to be formed of principles of a far greater degree of tenuity 
and unchangeableneſs. 

Theſe notions concerning thoſe bodies, which have for ſo many 
ages enjoyed the excluſive title of elements, and to which we 
deny that prerogative, do not prevent us from conſidering fire, 
air, earth, and water, as containing the principles of which moſt 
other natural bodies are formed. | | 

We will finiſh this detail, by explaining a kind of nomenclature 
adopted by certain methodical writers, in diſtinguiſhing bodies, 
according to the order of the principles that enter into their com- 
poſition, 

If two elements or principles are united or combined together, 
there reſults a body called a mixt. A number of mixts form a 
compound. Two compounds united form a ſurcompound. The 
combination of ſurcompounds produces a decompound, and theſe 
laſt, in like manner, generate ſurdecompounds. It is not eaſy to give 
examples of theſe different kinds of compoſition, as we can ſcarce- 
ly proceed ſo far as ſurcompounds. Theſe diſtinctions appear, 


therefore, to be ideal, and of no uſe. M. Macquer, to whom 


chemiſtry is indebted for much of its perſpicuity, propoſes to 
change this barbarous and inaccurate nomenclature, and-inſtead 
of it to ſubſtitute the words compound of the firſt, ſecond, third, 
Kc. order, Or we may adopt the ſame terms to diſtinguiſh che- 
mical principles in the order of analyſis by which they are obtain 
ed, inſtead of the order of their compoſition. 
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CHAPTER V. 
CONCERNING EIRE. 


"Fnovcn we neither admit of the word element in the ſenſe 
uſually applied to it, nor entertain the opinion that the four bo- 
dies, fo called, are the immediate principles of all others, or the 
moſt fimple in nature; yet we think it neceſſary to attend to 
them in the firſt place, becauſe the hiſtory of their properties 
will be uſeful in the explanation of thoſe of the other bodies, of 
which we {hall hereafter treat; and in the next, becauſe they 
cannot be ranged in any order relative to natural hiſtory, becauſe 
they are common to all the kingdoms of nature. 

Among the four bodies called elements, no one appears to be 
more active, nor at the fame time more ſimple, than fire. The 


moſt ancient philoſophers, and after them philoſophers in every 


age, have given this name to a ſubſtance which they ſuppoſed to 
be a fluid extremely moveable and penetrating, formed of par- 
ticles continually agitated, by them regarded as the principle of 
fluidity and of motion. When we reflect on this ſubject, we 
mall find that theſe properties could only be attributed by conjec- 
ture to a body placed among the elements, ſince its exiſtence has 
never been demonſtrated; as that of the three other elementary 
ſubſtances has always been. It is, indeed, natural to think that 
this name, fire, has in all languages and times, been given to 
the impreſſion that heated bodies communicate, or make on the 
ſenſes: And which is ſynonymus to the term heat, as well 2 
to the light that bodies emit when in combuſtion. This is the 
idea which the greater part of mankind entertains; they recog- 
nize the preſence of fire only by that of heat and combuſtion. 
The Chancellor Bacon is one of the firſt who doubted the exiſt- 
ence of fire as a peculiar fluid, and took notice that philoſophers, 
in defining it, had always miſtaken a property for a ſeparate ſub- 
ſtance. Boerhaave, whoſe treatiſe on Fire will always be regard- 
ed as a maſter- piece, was ſenſible of this difficulty, and in order 
to render the properties of this pretended element more evident, 
he examined its effects on bodies wherein it is thought to exiſt; 
fo that he, like all the philoſophers who preceded him, has writ 
ten a hiſtory of heated, luminous, rarified, burning bodies, rathe! 
than that of fire itſelf, This confuſion is likely to be always 
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found in natural philoſophy; for the properties of fire are ne- 
ceſſarily connected with thoſe of the bodies whereon it acts; fo 
far from having it in our power to inſulate it, we cannot even 


form an idea of its ſeparate exiſtence : And notwithſtanding the 
advanced ſtate of chemiſtry, it has not been found poſſible to 


ſeize and confine this principle, which philoſophers ſeem agreed 


to call a fluid, and whoſe effects they explain with ſufficient fa- 
cility, when, led by cuſtom, they regard its exiſtence as well 
eſtabliſhed. Theſe difficulties have cauſed ſeveral chemiſts, and 
in particular Macquer, to believe, that fire is nothing elſe but 
light, and that heat is a modification of bodies ariſing from the 
motion and collifion of their particles. 'This opinion no longer 


exiſts among philoſophers who cultivate the ſcience of chemiſtry. - 


To form an adequate notion of the different theories propoſed for 
ſome years paſt, reſpecting fire, we muſt not confine our attention 
to general poſitions. The ideas we ſhould deliver, would be as 
vague as the ſubject itſelf. The only method of attaining exactneſs, 
and to throw light on the immenſe number of facts that compoſe 
the ſcience of chemiſtry, is to divide the ſubject, and examine its 
parts ſeparately. We ſhall conſider in ſucceſſion as ſo many parti- 
cular effects of fire, light, heat, rarefaction, the changes produced 


in bodies by heat, and thoſe which are attributed to combined fire, 


formerly called phlogiſton . 


(1. Concerning Light. 


We cannot entertain the ſame doubt concerning the exiſtence 
of light, as of fire, becauſe its exiſtence and properties are at 
preſent well known and eſtabliſhed. This ſubſtance, which is 


thought to be emitted from the ſun and fixed ſtars, is the cauſe 


in moſt caſes of our perception of other bodies. This matter, 
reſlected in right lines from the ſurface of bodies, is the cauſe of 
the ſenſation of ſight, by producing an image of external objects 
on the retina of the eye. By the aſſiſtance of a darkened chamber, 
means have been found to examine its peculiar properties ſepa- 
rate and diſtinct from thoſe of the bodies from which it is emitted. 

The extreme velocity of light is ſuch, that it paſſes through 
the ſpace of 80,000 leagues * in a ſecond, according to the moſt 
eminent aſtronomers. Its motion is reQtilinear, it conſiſts of rays, 
which after iſſuing from luminous bodies, ſeparate and continue 
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into a denſer, it is refracted, or ſuffers a change in its direction 
like other ſolid bodies; but Newton * diſcovered that its refran- 


nuity of light is extreme. When thus tranſmitted, the refrac- 


bodies are of the claſs of combuſtibles. Thus yellow amber has 


to diverge in proportion as they obey the motion, which had been 
communicated to them. The elaſticity of the rays, or the re- 
action of the power that reflects them is ſo perfect, that the 
angle of their reflection does not ſenſibly differ from that oſ their 
incidence, as is ſhown by writers on catoptrics. When light 
paſſes near any ſubſtance whatever, it is more or leſs inflected, 
and this inflection, proving that it is ſubject to en as a 
body itſelf, is an evidence of its exiſtence. | 

| Notwithſtanding the velocity of light, it is eaſily deflected, out 
of its courſe, as well by the bodies it paſſes through, as by thoſe 
it paſſes near. When its courſe is oblique from a rare medium 


gibility is in the inverſe ratio of that of all other bodies; for 
other bodies in paſſing into denſer media, recede from the perpen- 
dicular ; but light, in theſe circumſtances, approaches nearer to it. 
For a more minùte detail of the properties of light, reference 
muſt be made to books written expreſsly on the ſubject of optics. 
Light, when it arrives at the ſurface of the earth, announces to 
animals the preſence of the bodies which ſurround them, and 
enables them to diſtinguiſh theſe bodies into opaque, tranſparent, 
and coloured. Theſe three properties are ſo eſſentially connected 
with the preſence of light, that bodies loſe them in the dark, and 
become undiſtinguiſhable. The difference in the opacity, tran{- 
Parency, and colour of bodies, depends, therefore, on the manner 
in which they affect, or are affected by light. 

Tranſparency is the property of admitting the rays of light to 
paſs eaſily through any ſubſtance, and doubtleſs ariſes from the 
form of the pores f. As this property is found i in the heavieſt 
and hardeſt bodies, it muſt follow as a conſequence, that the te- 


tions it undergoes are in proportion to the denſities, when the 
bodies are either ſtones, ſalts, or glaſſes, but is greater when the 


a a greater refracting power, than a faline cryſtal of equal denſity. 
It was by an examination of the refractions and reflections of 
light, that Newton ſucceeded i in decympoting, or rather diſſecting 


— 


2 2 did not Liſebvet this. Des Cartes firſt publiſhed the ny of the 
conffant ratio of the ſeries of incidence and refraction; though it was certainly bo 
known before to, Willebrord Snellius ; and Kepler was very near diſcovering it. J. 

+ The minuteneſs of the particles, and ſmallneſs of the pores, See Newt. Opt. J. 
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this body, and in proving that the different rays, which cominls 
a beam of light, are each capable of exciting the idea of a dif- 
ferent colour. Before his time, very little was known reſpecting 
the cauſe of colour. As each kind of ray is differently refrangi- 


ble as well as reſlexible, it is found that a beam of light received 


on a priſm of glaſs is ſeparated into its various component rays 
by refraCtion as it paſſes through, and being intereepted at ſome 
diſtance by a white plane, or body equally capable of refleQing 
all, they form a long ſpectrum, conſiſting of the colours in the 
following order, namely, red, orange, yellow, green, blue, in- 
digo, and violet; the red being compoſed of ſuch rays that have 
been the leaſt refracted out of their courſe, and the others —_ 
more and more refrangible i in their order. 

The particles at the / ſurfaces of opaque bodies appear to pro- 
duce an effect on light reſembling that of the priſm *. It is on 
this property of the particles, that all the variety of colours, 
which charm the ſight, depends. The fact is, that bodies are 
white, when they reflect or return back all the rays of light that 
fall on them; and, on the contrary, when all the rays are ab- 
ſorbed, we perceive a defect of light, which we call black, and 
is in reality the abſence of all colour: And again, every beam of 
white light being compoſed of a ſeries of the ſeven primary co- 
lours, and of every poſſible intermediate tinge, all differing in re- 
flexibility, each particular body will appear of the colour it is 
conſtructed to reflect, while it abſorbs the greater part of the 
rays of every other colour. Colour, therefore, depends on the 
nature of the furface of the bodies, as tranſparency does on their 
pores, and both are produced by the modifications which the 
light experiences at the ſurface, or in the interior part of the 
bodies on which it falls. Thus, for example, the colour called 
blue, or red, is produced in bodies by an abſorption of all the 
other rays, except the blue or red, which are reſlected back. 

Theſe are the chief properties of light conſidered as emitted 
from the ſun or the fixed ſtars. But ought we to confine our 
inquiries reſpecting this ſubſtance to its free and inſulated ſtate. 


Does it not, like every other body we are acquainted with, obey 


the laws of afhnity in the ſame manner as it is found to be ſub- 


. ——— 


— 


*The ſepartion of light i 85 coloured rays, in conſequence of its falling on tranſ- 
parent particles of deſinite magnitude (and all minute bodies are tranſparent), 
has not yet been ſhown to be of the ſame kind, or performed in the fame manner, 
a the ſeparation effected by the priſm. T. 
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ject to attraction? This conjeRure 3 is rendered more probable 
by the conſideration that the effects of light do not ſeem to he 
confined to its mere re-aCtion on bodies that modify or alter! its 


courſe. If it be true, that bodies expoſed to the contact or in. 


pulſe of light, experience an alteration or change of nature with. 
out any other evident cauſe, it muſt follow, that light itſelf is the 
agent, and produces its effects by a chemical attraCtion. Though 
it has not yet been poſitively decided, whether their changes 
ariſe from the decompoſition of light itſelf, or of the bodies thug 


altered, or of both together, which is extremely probable ; the 


facts are too numerous and too ſtriking. to be overlooked. We 
ſhall content ourſelves with mentioning in this place only ſuch as 
are of the moſt conſequence, and the beft eſtabliſhed ; as it is 
our intention to treat the ſubject more fully in our hiſtory of each 
natural body in its order. 

Natural philoſophers have long been aware of the influence of 
light on vegetation. It was firſt obſerved, that plants growing 
in the ſhade are pale, and without colour. The term etiolation, 
Has been given to this phenomenon, and the plants are ſaid to be 
eticlated, in which it takes place d. Herbs that grow beneath ſtones 
are white, ſoft, aqueous, and of a mild or inſipid taſte ; and gar- 
deners avail themſelves of the knowledge of this fact, to furniſh 
our tables with white and tender vegetables, by binding up and 
compreſſing their leaves together, ſo as to defend them from the 
contact of light. The more plants are expoſed to the ſolar rays, 


the more colour they acquire. Such, therefore, is the origin of 


thoſe colouring matters, of ſo much value for their livelineſs and 
body, which many of the eaſtern nations extract from woods, 
bark, and roots, &c., and which the utmoſt induſtry of the Euro- 
pean dyers has not ſucceeded in imitating. | 

Colour is not the only property that is obtained by vegetables 
from the contact of the rays of light. Taſte, odour, and com- 
buſtibility, are likewife derived from the ſame ſource. Light 
contributes greatly to the maturity of fruits and ſeeds ; and is the 
cauſe why, under the burning ſun of America, vegetables are in 


general more odoriferous, of a ſtronger taſte, and more abound- 


ing with reſin. From the ſame cauſe it happens, that hot cli 
mates ſeem to be the native country of perfumes, ſtrong ſmelling 
fruits, dying woods, and reſins of various kinds. Laſtly, the 


action of light is ſo powerſul on the organiſm of vegetables, à 
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to 0 them to pour forth torrents of vital, or pure air, from 
the ſuperior ſurface of their leaves into the atmoſphere, while 
expoſed to the ſun-ſhine ; whereas, on the contrary, when in the 
ſhade they exhale nothing but a noxious fluid, or true acid, fimi- 
lar to that obtained from chalk. This important diſcovery due 
to Dr. Prieſtley, and more minutely inquired into by M. Ingen- 
houſze, ſhows, in a ſtriking manner, the influence of light on 
vegetation, The effects of light are equally ſeen in a great 
number of chemical operations. There is not a ſubſtance, 
which in well cloſed glaſs veſſels, and expoſed to the ſun's light, 


does not experience ſome alteration from this cauſe. Among 


theſe, the mineral acids, the metallic oxyds or calces, vegetable 
powders, and volatile animal oils, are moſt ſingularly changed. 
Metallic oxyds in general, eſpecially thoſe of mercury, become 
of a deeper colour, by expoſure to, the ſun ; as may be ſeen by 
obſerving painters colours preſerved in powder in the ſhops *. 
The mineral acids, by the ſame treatment, become higher co- 
loured, more volatile and fuming. Metallic ſalts grow black, and 
animal oils take an obſcure brown. All theſe changes deſerve 
the greateſt attention of chemiſts, and they form an immenſe 
ſeries of reſearches which has not yet been ſufficiently inveſti- 
gated, Scheele is the firſt chemiſt who has deſcribed ſome of 
them; M. Berthollet has likewiſe attended to this ſubject, and 
we ſhall hereafter ſee that he has determined what happens i in 
many of theſe alterations. 


92. Concerning heat +. 


The difficulties that attend the inquiry concerning heat are 
much more numerous than thoſe relating to light. It cannot be 


— 


* It has been remarked, however, that the parts of a room painted with white 
lead and oil, which are defended from the light by furniture, or by keeping the 
windows cloſed, become of a darker colour than the reſt ; and that the action of 
light permitted to fall on ſuch obſcure parts of the ſurface, in ſome meaſure re- 


ſlores the original colour or whiteneſs. T. 


The importance of the theory of heat in chemical inquiries has induced the 
tranſlator to give a more ſtrict and leſs diſcurſive view of the ſubject than i is exhi- 
ited in the text. 

1, Temperature is the ſtate by which a body poſſeſſes the power of exciting the 
undefinable ſenſations of heat or coldneſs. 

2. The word heat is uſed as a terth to denote the * of that ſlate, 

It is to be obſerved, that the words temperature and heat are here taken in the 
molt extended ſenſe. The organs of the human frame are not -only imperfect 
when applied to meaſure the temperatures of bodies, but likewiſe exceedingly li- 
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are ſaid to poſſeſs it. But it is no part of this inquiry, whether heat be motion ot 
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proved by weight that heat is a ſelf-exiſtent, a ſeparate ſubſtance; 
and many eminent philoſophers have embraced the opinion of Ba. 
con, that it is nothing more than a modification, of which bodies 


mited in this as well as in every other caſe. Temperature is therefore uſed to de- 
note every degree of heat or coldneſs, whether within the limits of perception or 
not, and is appreciated by the obſervation of its effects on bodies. 

Heat, conſidered as the cauſe of temperature and of other effects, is ſubject to 
variation. It is therefore an object of mathematical inquiry, as poſſeſſing quantity ci. 
ther abſolutely, or in the ſame ſenſe as various attributes, ſich as ratios or motion, 


matter. Perſpicuity requires that theſe objects ſhould be ſeparately attended to, 
3. Bodies in contact, or communicating with each other, do, after a length of 
time, aſſume or acquire one common temperature. 
4. The time of acquiring the common temperature is different in different bo- 
dies. A body, which quickly alters its temperature by communication, is . to 
be a better conductor of heat than ſuch as alter more flowly. ö 
5. When the temperature of a given ſolid is increaſed, there is a certain period 
at which it becomes fluid; and as the temperature is increaſed beyond this laſt point, 
the fluid takes a rare and elaſtic form, with more or leſs rapidity forming vapour 
Whether an increaſe of temperature would convert vapour into a fourth ſtate, 
namely, that of a permanently elaſtic Suid, or air, has not been decided ; but i 
is probable. 
The temperatures at which different bodies aſſume the fluid or vaporous ſlates 
are exceedingly various. Some bodies, as for example, mercury, are not frozen 
but by extreme cold: others, as rock cryſtal, cannot be melted, but by the moſt 
vehement heat modern chemiſtry can excite : others again cannot be brought into 
ſome of the ftates;.and of theſe the rule is i from analogy, till ſuture ex- 
eriments may tend to clear up the matter. 
6. Univerſally the effects of an increaſed temperature are either (1) converſion 
of the whole body into fluid or vapour; or (2) decompoſition, by one or more of 
the chemical principles of the body being melted or volatilized; or (3) without 
change of ſtate or compoſition, an increaſe of the dimenſions, which laſts no 
longer than while the increaſed temperature remains. 
7. Axiom 1. The quantities of heat in two equal bodies of the ſame kind and 
temperature are equal. 
8. Theorem 1. The quantities of heat in bodies of the ſame kind and tempe- 
rature are as their maſſes, 
9. Theorem 2. Two equal bodies of the ſame kind, but different temperatures, hes 
ing brought into contact; the hotter will impart half its ſurplus of heat to the other. 
For (by 3) they will acquire a common temperature by contact, and by that 
means (7), the quantities of heat will be made equal. This can only be effected 
by the hotter body imparting half its ſurplus. 
x0. Theorem 3. Two bodies of the ſame kind, but different temperatures, 
being brought into contact; the ſurplus of heat, by means of which the one er- 
ceeded the other in temperature, will be divided between the two bodies in pro- 
portion to their maſſes. hy 
For (3) They will acquire a common temperature, and the whole quantity of ; 
heat in each will then (8) be in proportion to its maſs. This can only be effect ber 
ed by dividing the ſurplus in the ſame proportion, ties 
II, -Corollary rx. The quantities of heat required to be added to, or taken from 
2 


1 
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are ſuſceptible. It is certain that philoſophers, as well as the 


common rank of men, have always ſuppoſed heat to indicate the 


preſence of fire, and have ſometimes taken it for the element it- 
ſelf, and on other occaſions for one of its characters. 


— — 


— 


bodies of the ſame kind, to bring their temperature to a given ſtandard, will be as 


their maſſes. | 
12. Corollary 2. Hence a thermometer, with a very ſmall bulb, may be conſi- 


dered as poſſeſſing the temperature of the body it is in contact with, becauſe the 
common temperature will not ſenſibly differ therefrom when the body is of conſi- 


derable magnitude. 


13. The mercurial thermometer nearly meaſures the true increments of tempe- 
rature, 

This is determined by experiment (by De Luc). Let a thermometer be gradu- 
ated ſo as to ſhow the equal increments (6) of the expanſion of the mercury; and 
the common temperature of two equal bodies of the ſame kind in contact (as 
for example, meaſures of water) will be nearly the arithmetic mean between the 
two original temperatures, as ſhown by ſuch an inſtrument. The inſtrument 
therefore gives reſults nearly agreeing with deductions (9) made from the gene- 
ral phenomena of heat, or it nearly meaſures the true increments of temperature. 

14. Axiom 2, If two equal maſſcs at different temperatures be brought ints 
contact, and the common temperature be either higher or lower than the arithme- 
tical mean (9), the ſurplus of heat, by means whereof the one exceeded the other 
in temperature, will be unequally divided; and the diſpoſition to be heated, or the 
capacity or affinity for heat, is greater in one body than in the other. 

I5, Theorem 4. The capacity of equal maſſes for heat are inverſely, as the 
changes of temperature they undergo, when differently heated and brought into 
contact. And the contrary. 

For the ſurplus of heat is divided into equal parts by the thermometer : of 
theſe parts, the hotter body loſes a certain number by communication to the colder, 
and retains the remainder. The number of degrees loſt, conſtitutes the change 
of temperature in the hotter, and the remainder is the change in the colder. But 
cauſes are ever proportional to their effects: therefore the capacities are as the pro- 
portions of heat retained by each; that is, inverſely as the changes of temperature. 

16, Corollary 1. Hence if any given body, as for example, fluid water, be aſ- 
ſumed as a ſtandard, the capacities of other bodies: being experimentally found, 
may be ranged numerically, ſo as to form an uſeful table. 

17. Corollary 2. The quantities of heat required to be added to or taken from 
bodies of equal maſs, to bring their temperature to a given ftandard, will be as 
their capacities, 


29. Corollary 3. The quantities of heat required to be added to or taken from 


bodies in general, to bring their temperature to a given ftandard, will be as their 


maſſes (11), and their capacities jointly. 
19. Corollary 4. The capacities, in general, will be directly as the quantities 


of heat ſo taken, and inverſely as the maſſes ; or they will be in the i. erſe ratio of 


'ne changes of temperature, and the maſſes of two hodies placed in contact. This, 
in the ſorm of a practical rule, is, multiply the weight of each body by the num- 
ver of degrees between its original and the common temperature, and the capaci- 
ties of the bodies for heat will be inverſcly as the products. | 
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Its leading properties are, to penetrate all bodies; to diffuſe it. 
felf uniformly d, ſo as to tend to an equilibrium; to dilate the ſe- 
veral ſubſtances it penetrates z and, laſtly, to cauſe them to aſſume 
the ſtate of fluidity, and afterwards that of vapour. | 


20. Theorem 5. The whole quantities of heat contained in the bodies of equal 
_ maſs and temperature are as their capacities. | 
For if the the temperatures of various bodies be ſuppoſed gradually and equally 
to diminiſh till the abſolute privation of heat be obtained, the quantity of heat 
given out in any portion of the time (17) will be proportional in each body to its 
capacity. And the whole time being made up of ſuch portions, the reſpectire 
ſums of the quantities of heat given out by each body will be in the ſame ratio, 

It is the buſineſs of experiment to determine whether the ratios of the capaci. 
ties be the ſame in all temperatures, cæteris manentibus. 

21. Scholium. From the foregoing theorem, many writers have called a table 
of capacities by the name of a table of ſpecific heats. Theſe terms, which ſeem 
improper, or at leaſt unhappy, becauſe applied to quantities that continually fluc. 
tuate, have certainly rendered the theory of heat leſs caſy to beginners. 

22. As far as experiments have hitherto been made, it is found that the capaci, 
ty of a given body for heat is leaſt when ſolid, greater in the fluid ftate, and preat- 
eſt in the vaporous ſlate. 

Thus for example, ice and water being expoſed in equal quantities to fimi- 
lar heating matters, as before a fire, the ice will be melted without increaſe al 
temperature, while the water acquires 162? of Fahrenheit's thermometer. Or 
equal parts of water at 162, and ice at 329 being mixed, the ice will melt, and 
the whole, inſtead of the mean temperature, will remain at 32% In either caſ: 


= Fn * 3 
— * Ann. 


the ice requires 130? of heat, which produces no other effect than rendering it 


* 


fluid, and is not ſhown by the thermometer. So likewiſe the condenſation of ſteam, 
though little if at all hoter than boiling water, communicates much more heat to 
a refrigeratory, than the ſame quantity of water equally hot, and. therefore it con- 
tained more heat. The quantity of heat which conſtitutes the difference between 
the ſeveral ſtates of the body, has been improperly called latent heat. 
- 23. Problem. The ratio of the capacities of the ſame body in the ſolid, and 
the fluid ſtates, and alſo the number of degrees the fluid would increaſe in tempe- 
rature by the heat which would ſimply melt the ſolid, being given; it is required 
to determine the number of degrees of the ſame thermometer, between the natural 
zero, or abſolute privation of heat, and the temperature of the ſolid juſt melting, 
The whole quantity of heat in the ſolid, when juſt melting, will be denoted by 
the number of degrees of its temperature from the natural zero: and the whole 
quantity of heat in the fluid will be denoted by the ſame number added to the nun 
ber of degrees the temperature of the ſolid would have been raifed by the heat ap- 
plied to melt it, if its capacity had not been changed by melting. This laſt num- 
ber conſiſts of the obſerved increaſe of temperature in the fluid augmented in the 
inverſe rativ of the capacities (15). Now the capacities of the ſolid and fluid 
being as their whole quantities of heat (20), it will follow that 
The difference between the numbers expreſſing the capacities, 
Is to the number expreſſing the capacity of the ſolid ; 
As the difference between their refpeQive quantities of heat in thermometi 
cal degrees of the ſolid, 


rh 


Bodies become heated, in general, in three manners, either by 
the contact of another heated ſubſtance, or by motion, or by the 
act of combination. Every one muſt have obſerved, that in mix- 
ing two ſimilar fluids, the one ſenſibly hot, and the other cold, 
the former loſes part of its heat by communication to the ſecond, 


and the temperature becomes equal in each ; and the ſame is true 


Is to the number of degrees expreſling its whole SAY of heat, or its 
temperature from the natural zero, 

This in the form of a practical rule, is, multiply the nine n the ca- 
pacity of the fluid into the number of degrees the fluid would have increaſed in 
temperature by heat, ſufficient to melt the ſolid ; divide this product by the dif- 
ference between the numbers expreſſing the capacities, the quotient will be the 
number of degrees of temperature from the natural zero. 

This problem is Dr. Irwine's, of Glaſgow. 

From experiment, it appears, that the natural zero is 12689 of Fahrenheit's 
ſcale below o, or 1300 degrees below the freezing point of water. 

24. Corollary. The difference between the zero of any ſcale, and the natural 
zero, being once determined from experiment, it will be eaſy in all caſes, where 
any two of the three quantities, the capacity of the fluid, the capaciry of the ſo- 
lid, and the number of degrees the fluid would be raiſed by heat 825 to melt 
the ſolid, ars given to find the third. 

25. The foregoing theory of heat may be applied to explain all the As of 
temperature in bodies, from the utmoſt violence of ignition to the moſt intenſe 
cold. For whenever by condenſation or freezing, or by a change in the chemical 
combinations of bodies, the capacities are diminiſhed, a part of the heat contained 
will (r) be applied in raiſing the temperature. And, on the contrary, cold will 
de produced whenever bodies are melted, or evaporated, or any e proceſs 
goes forward, by which the capacities are increaſed. 

26. The grand queſtion, whether heat be merely a vibration of the parts of bo- 
dies, or a peculiar fluid, is not decided. If heat be merely vibration, it will be ſcarcely 
polible to account for its not being univerſally communicated to bodies according 
to their maſſes, as the eſtabliſhed laws of motion require; but if heat be a pe- 
enliar fluid, the notion of a greater or leſs capacity for that fluid, whoſe variations 
of denſity will be the cauſe of change of temperature, will very naturally account 
for the different quantities required to be imbibed or given out by bodies of equal 
weight, before a like denſity or temperature can be prodnced in all. Neither will 
it be at all difficult, according to this hypotheſis, to give very probable accounts 
of what happens when bodies change their ſtates of ſolidity, fluidity, or vapour. 

27. The various theories reſpecting heat, conſidered as matter, and a component 
part of bodies, are not ſufficiently grounded on deciſive facts, to admit of a cur- 
fory diſcuſſion in this place, or indeed to be ranked with the eſtabliſhed doctrines 
colleQed and arranged in this preſent note, though it muſt be allowed that ſeveral 


of them do honour to the genius and abilities of their inventors. Dr. Black of 


Edinburgh, Profeſſor Wilcke of Stockholm, Dr. Irwine of Glaſgow, Dr. Craw- 
tord of London, are among the leading names of Philoſophers who invented and 
luſtrated this excellent theory here explained; and it is ſincerely to be wiſhed, 
that ſome cotemporary writer would ſettle their reſpective claims beſore the 
lapſe of time ſhall have rendered it difficult. T. 
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of ſolid bodies that have remained a ſuflicient time in contact. 
The developement of heat, by means of motion, is equally well 
known. Two hard ſtones, or pieces of wood or ivory, or me. 
tallic matters, ſtrongly rubbed or ſtruck together, produce a de. 
gree of heat, that in many caſes proceeds even to ignition ©, And 
the production of heat by the act of combination is evidently 
ſeen in the union of concentrated acids with water, quick. lime, 
pure alkalis, metals: And inflammation follows on the mixture of 
certain fluids, as the nitrous acid and oils. 
The laws of the communication of heat between bodies were 
thought to be analogous to thoſe of motion, till the labours of 
Meſſrs. Black of Edinburgh, Wilcke of Stockholm, Irwine of Glaf. 
gow, Crawford of London, and Lavoiſier of Paris, ſhowed that no- 
thing is leſs known, or more difficult to be known, than the pro- 
greſſion and communication of heat in the ſyſtems of bodies of un. 
equal temperature. The very ingenious experiments of theſe 
philoſophers are not yet ſufficiently numerous, and they them- 
ſelves depend too little on their general reſults, to admit of their 
being regarded as part of the elements of chemical ſcience. l. 
is, however, very probable that they will lead the way to the 
eſtabliſhment of a general theory of heat, applicable to all the 
phenomena of chemiſtry, in every one of which it is concerned, 
either as being abſorbed or diſengaged f. 
The moſt accurate experiments have not yet produced any de- 
ciſive principles reſpecting the nature of heat; and chemiſts, as 
well as the philoſophers in other branches of natural ſcience, are 
divided in their opinions concerning it. Some, with Lord Chan- 
cellor Bacon, think that heat is nothing elſe but a modification 
of which all bodies are ſuſceptible, not exiſting independent of 
bodies, but conſiſting merely in the oſcillation of their particles, 
.Such was the opinion of the late Mr. Macquer.. This ſet of phi- 
loſophers ground their opinion on the following facts: Heat fol 
lows motion in all its phenomena, and appears to obey the fame 
laws; it conſtantly accompanies motion, increaſing and diminiſh- 
ing in the ſame proportion. If we except the differences it pre- 
ſents in its communication or paſſage from one body to another, 
which do not appear reconcileable with that of motion, the ana- 


logy between both is ſtriking in all its other properties. When 


he, cauſe which produces it abates or ceaſes entirely, the heat is 
diminiſhed, and ſoon diſſipated. That this hypotheſis may be the 
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more readily . it is obſerved, that bodies even of the 
greateſt denſity, have a great number of cavities or pores, whoſe 
dimenſions may exceed that of the real matter of which the body 
in queſtion is compoſed. Theſe void ſpaces permit the particles 
to move with reſpect to each other, and to oſcillate in every di- 
rection. Theſe oſcillations eſcape our ſenſes, for the ſame reaſon 
as the parts and powers themſelves do, namely, their minuteneſs. | 
And, laſtly, theſe philoſophers who conſider heat as an inteſtine 
motion, take notice that the contrary opinion of heat, being 
matter, has never been proved by any poſitive experiment, either 
from its being ſhown to have gravity, or from the other proper- 
ties aſcribed to it. 

Many other philoſophers, and fome modern chemiſts, on "I 
contrary, believe that heat is a peculiar fluid, exiſting in bodies, 
all which it penetrates with greater or leſs facility. They di- 
ſtinguiſh this fluid in two ſtates, in combination, or at liberty: 
The former is not ſenſible to our organs, nor indicated by the 
thermometer. It is in a ſtate of repoſe in bodies, conſtituting 
one of their principles. It exiſts in them 1n a ſtate of greater or . 1 
leſs compreſſion. It is often diſengaged in decompoſitions, and | 
then paſſes to the ſtate of heat at liberty; it becomes capable of | 
acting on the bodies expoſed to its influence ; and its intenſity and | | 


variations may be aſcertained by the thermometer *. As all 
bodies that paſs from the ſolid to the fluid ſtate, and from this 
laſt into the ws of vapour, Lee cold in the ſurrounding bo- 


— 


* There are two opinions concerning the change of temperature which bodies 
undergo when they change their ſtate or their mode of combination: By ſuch 4 
changes it is found that heat is either abſorbed or given out; or to ſpeak more 1 
unexceptionably, the alterations of temperature are either leſs or greater than 1 | 
would have been inferred from general reaſoning. Some philoſophers ſay, that the i 
capacities of the bodies are changed, and therefore require more or leſs heat to occa» ( 
ſion ſimilar mutations of temperature than they did before (ſee our note on p. 146) | | 
others affirm, that the heat which diſappears or appears has no relation to the ca 1 
pacity, but is either received in combination, as a principle of bodies, or given | | 
out as ſuch. Theſe poſitions are not matter of opinion, but relate to facts, about {4 
which philoſophers will acquire more knowledge by experiment than by reaſoning. | 
If the natural zero be determined truly by Dr. Irwine's theorem, (note on p. 146) | 


. 

1 and the capacities of various bodies in their ſtates of ſolidity and fluidity, be found ; 

6 from direct experiment, the corollary to that theorem will give the number of de- b 

a- grees the fluid would be raiſed by heat that would ſimply melt the ſolid. If this 
en deduction ſhould be found in all caſes to agree with the facts, the former opinion | ] 
is is true; but if not, there is a portion of heat not accounted for, which, if heat be ö | 
© | Matter, may probably be a principle cf bodies, Fiant Wy 5 ; ; 
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dies, they ſuſpeCt that there is a great quantity of the matter of 


heat abſorbed by theſe bodies; and that when, on the contrary, 
fluid ſubſtances become concrete, and produce heat, this laſt is 
diſengaged from the ſubſtance that contained it, and has paſſed 
from a ſtate of combination to a ſtate of liberty. 

Mr. Scheele, who, as well as Mr. Bergman, 1s perſuaded that 
heat is a ſelf-exiſtent body, has, with great care, examined the 
phenomena it preſents as a chemical agent, capable of entering 
into combinations. He has even thought himſelf juſtifiable in 
concluding, from his experiments, that it is compoſed of vital 
air, which he calls empyreal air, and fixed fire or phlogiſton and 
that it differs from light only in the relative quantity of this 
latter principle. But however ingenious and true the reſults of 
the experimental inquiry he has entered into may be, his induc. 
tions concerning the nature and principles of heat, do not ſeem, 
in our opinion, to follow naturally, nor prevent our continuing 
to think that the analyſis of heat is not yet accompliſhed. Some 


_ philoſophers think that light and heat are the ſame. ſubſtance, 


and differ only in their ſtate. This body 1s light, when its par- 
ticles, collected together, and poſſeſſing all their attraction, are 
projected with great force; it is heat when the ſame particles, in 
a ſtate of diviſion, move ſlowly, and tend to an equilibrium, 
They think that heat can become light, and light heat :—it can- 
not, however, be denied that light often produces effects very 
different from heat; as takes place in the nitric acid, the oxyge- 
nated muriatic acid, the metallic calces or oxydes, and the leaves 
of vegetables plunged in water: All theſe bodies give out vital 
air, or oxygenous gas, when they are expoſed to the rays of the 
ſun, and moſt of them do not afford it by the action of heat 


alone. It is in this manner that the artificial light of our fires, 


paſſing through the veſſels, changes the nature of the products 


Which are diſengaged. 


Laſtly, Meſſrs. Lavoiſier and De la Place dem to ſuſpect that 
both hypotheſes are true, and take place at the ſame time, that i 
to ſay, that heat conſiſts in the exiſtence of a peculiar fluid, and 
in the inteſtine oſcillations of the parts of bodies excited by its 
preſence. | 

Whatever may be the nature of heat, the phenomena it preſents 
in chemical combinations and decompoſitions, are not the Jeis 
certain, nor the leſs deſerving our moſt careful attention. A 
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great number of facts have eſtabliſhed it as a certainty, that this . | | 
body or modification is unalterable in itſelf, and is not deſtroyed Ti 

or loſt, And thefe have induced Meſſrs, Lavoiſier and De la 
Place to give the following important principle as an axiom re- 
ſpeQing the appearance or diſappearance of heat. As this prin- 
ciple is of the greateſt importance to the theory of chemiſtry, 
we ſhall inſert it here. 

« If in any combination or chimga of ſtate whatſoever, there 
« be a diminution of free heat, this heat will appear again undi- 
« miniſhed when the ſubſtances return to their firſt ſtate z and 1 _ 
« reciprocally, if in any combination or change of ſtate there be 13 
« an augmentation of free heat, this new heat will diſappear 7 
« during the return of the ſubſtances to their original ſtate.” _ 

In rendering this principle more general, and extending it to 1 
all the phenomena of heat, they have uſed the following mode of | 
expreſſion : © All variations of heat, whether real or apparent, i" 
« which are experienced by a-ſyſtem of bodies, in-changing their | 
« ſtate, will be re- produced in an inverſe order, when the ſyſtem 
« paſſes again to its firſt ſtate.” 

To meaſure the quantity of heat abſorbed or diſengaged 3 in the 
different chemical phenomena, being an operation which, after 
what has been ſaid, muſt evidently appear to be of the higheſt 
importance, philoſophers have endeavoured to avail themſelves 
of means, by which the defects of thermometers might be ſup- 
plied. Their ſcales not being ſufficiently extenſive, nor the in- 
formation they afford, ſo accurate as was at firſt believed, Mr, 
Wilcke propoſed to eſtimate the quantity of heat from the 
quantity of ſnow to be melted by the bodies under examination; 
and Meſſrs. Lavoiſier and De la Place have contrived a certain ; il 
and eaſy method of carrying this propoſal into practice *. It con- 
liſts in placing bodies which produce heat by their combination 
(after reducing them, as well as the veſſel containing them, to the 
temparature of 320 of Fahrenheit), in a veſſel ſurrounded with 


i ice, the interior layer only of which can be melted by the heat 

a From ſome attempts made by the. ingenious Mr. Wedgwood, to avail him- | 1 

ts (elf of this inſtrument, it ſeems that the capillary attraction of the pounded ; 

ice, retaining a portion of the water that ſhould flow out, and ſome unexplained 

circumſtances, where the vapour raiſed by bodies, at very high temperatures, was 

found to freeze again, inſtead of paſſing out in the form of water, are impediments {1 

k to its uſe, See the Philo, TranſaQions, T. 14 
N | K ii 50 1 
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diſengaged from theſe bodies during their union, and in meaſur- 
ing the quantity of heat by that of the water which is formed, and 
which is to be collected with care. By this proceſs, they haye . 
been able to eſtimate with certainty the ſpecific heat of bodies, to 
meaſure the quantity abſorbed in certain combinations, and in 


ſhort to determine the quantity diſengaged in combuſtion and re. 
ſpiration. 


The brevity we propoſe to adhere to in this work, and the long 
detail i it would require to give a proper account of the ingenious in- 
ſtrument contrived by theſe learned academicians, and the manner 
in which they employ it to meaſure the ſpecific heat of bodies, as 
alſo that which is abſorbed or diſengaged in chemical combina. 
tions, oblige us to refer the reader to their own work “. 

Let us here attend to the reſemblance which appears to exiſt, 
in certain caſes, between light and heat, and the differences which 
diſtinguiſh them in the proceſſes of nature and art. It is not 
to be concluded, that heat and light are the ſame thing, becauſe 
the rays of the ſun heat ſuch bodies as they fall on; for, ſince 
there are many cafes on the contrary, wherein there is much 
light without heat, as well as others where the heat is conſider. 
able, though no light appears. . Many philoſophers are inclined 
to believe, that light differs greatly from heat. In fact, the phoſ- 
phorus, diamond, rotten wood, animal matters in putrefaction, 
ſhining inſets and worms, the rays of the moon reflected and 
concentrated by metallic mirrors, or by lenſes, preſent a ſtrong + 
light without ſenſible heat, and all natural bodies may be ſtrong- 
ly heated without becoming luminous. 

The ſolar rays ſeem to produce heat merely by their impulſe 
on bodies, and the friction they ſuffer from ſuch as interrupt 
their paſſage. Opake bodies, of a red colour, and particularly 
when of a black colour, are found to be more quickly and ſtrong- 
ly heated, than white and poliſhed bodies; an effect doubtleſs 
ariſing from the greater refractions which the rays experience, and 
perhaps from its combining with the ſubſtance itſelf of theſe 


— 


* Sec the Memoirs of the Royal Academy of 8 for their Memoir, read 
June 28, 1783. 

+ All theſe, and other lights that do not produce heat, are prodigiouſly weak, 
when compared with the direct light of the ſun. The moſt concentrated moon- 
light, in the focus of a mirror, is not more than the zooth part of the intenbty 
of common ſun-ſhine. Heat cannot, therefore, be expected. See Traite d' Of 
tique par Bouguer, quoted by Prieſtley in his Optics, p. 546. T. 
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deeply coloured bodies, while white ſurfaces reflect, rather than 
abſorb them. 


As to the production of light by a ſtrong and continued heat, 


as is obſerved in the combuſtion of oils, fats, wood, the ignition 
of metals and ſtones, it depends on cauſes that by no means im- 
ply an identity between light and heat. When combuſtible bo- 
dies are ſtrongly heated, they produce that flame which ſupplies 
the abſence of the ſun, and produces ſimilar effects. But this 
light, the produCt of inflammation, may be contained either in 
the air, whoſe preſence is neceſſary for combuſtion, or in the 


combuſtible body; and no fact aſcertains that it is heat which 


is changed into light ®. The incandeſcence of incombuſtible bo- 
dies, ſuch as ſtones, 'in which we cannot admit the preſence of 
combined light, at leaſt not in the ſame ſtate as in combuſtible 
bodies, has been explained in a very ingenious manner by Mac- 
quer, in the article Fire, in his valuable Dictionary. According 
to that chemiſt, it ariſes from the ſtrong vibrations excited in the 
particles of theſe bodies by heat. Theſe vibrations diſpoſe the 
particles in ſuch a manner that their facets being continually agi- 
tated, have the effect of a number of ſmall mirrors, which reflect, 
and throw directly to our eyes the light which exiſts in the air“ 
in the night as well as in the day, and do not produce darkneſs, 
but when their directions are not towards the organs of ſight. 
Such were the ideas of Macquer, and a conſiderable number of 
other philoſophers ; but more numerous and better obſerved facts, 
concerning the difference of heat contained in various bodies, 
their aptitude to abſorb it, the elective attraction it appears to 
obey, render the opinion of the exiſtence of heat as a peculiar 
body, much ſtronger than ever. It is thought to be often one of 
the principles of compound ſubſtances ; that it is the lighteſt of 
all natural bodies, and cannot, on that account, be ſhown to ex- 
iſt by any indication of weight. Two ſpecies of heat are di- 
ſtinguiſned, or rather heat itſelf is diſtinguiſhed in two different 
ſtates, in all natural ſubſtances ; one which is intimately com- 


bined, and is called latent heat, or galoric, becauſe it is not 


— 
* 


* The author has given Macquer's opinion, with fidelity and conciſeneſs; but 
the value of that opinion will be found to be very ſmall, when it is conſidered, 
that it is a neceſſary condition that his ſyſtem of little mirrors muſt be placed with- 
out the boundary of the carth's ſhadow, before they can receive or reflec the light 
which exiſts in the air, &c. T. 
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ſenſible, and the other which is ſimply diſſeminated. This laſt 
appears to be capable of expulſion by ſimple preſſure, or by me- 
chanical means; thus it is, that when a bar of iron is hammer- 
ed, and its particles are brought together by the ſhock, the heat 
eſcapes in the ſame manner as water flows out of a moiſtened 
ſponge by preſſure. Heat, truly combined, does not quit bodies 
but in conſequence of new chemical combinations. All ſolid 
ſubſtances which contain theſe two kinds of heat, are Capable of 
taking up a greater quantity, both of the one and of the other; 
this ſuperadded heat ſeparates the particles more and more: Its 
firſt effect is to ſoften the ſolid body; its ſecond, in proportion 
as it is accumulated, conſiſts in fuſion, or liquefaction; its third, 
the quantity being ſuppoſed ſtill to be continually increaſed, is 
elaſtic fluidity. But we will treat of theſe phenomena in the two 


followin g 2 2 


93. Concerning Ruręfaction. 


The moſt remarkable effect attributed to fire by philoſopher, 
and which is certainly produced by heat, is rarefaction. We 
have already remarked, that the principal effect of heat is to 
augment the volume of all bodies, without adding to their weight, 
This rarefaction ſhows the intromiſhon of ſome ſubſtance into 
the - porcs of the rarefied body ; this ſubſtance, which is heat it- 
ſelf, or rather caloric, acts like wedges or ſprings, that ſeparate 
and remove the particles of theſe bodies from each other ; the 
bodies themſelves, when rarcfied by heat, do not acquire weight, 
and their ſpecific gravity is leſs conſiderable than before, becauſe 
the rarefaction conſiſts ſimply in a ſeparation of the parts of the 
heated body, whoſe pores are then enlarged, ſo that it contains 
more void ſpace and leſs ſolid matter than before, in a given 
fpace : This ſeparation is occaſioned by the matter of heat, whole 
weight, with reſpect to us, is nothing. 

We ſhall be convinced that heat is a force oppoſed to the mu- 

tual attraction of the particles of bodies, and that it deſiroys 
their particular attraQtion, if we conſider that the particles of 
bodies rarefied by heat, experience an inteſtine motion which 
tends to diſunite and to ſeparate them; and that cold, on the con- 
trary, compreſſes and condenſes them; for it muſt be remarked, 
that the attraction diſcovered by Newton, has three modifications, 
or modes of exiſtence, which N to be — diftinguiſt- 


— „ 2 
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ed from each other. The firſt ſtate of attraction is that which, 


combined with an original impulſe, retains the planets in their 
orbits, and prevents them ſeparating from the ſun, with regard 


to which their diſtance would continually increaſe, did the pro- 


jectile force act alone. To diftinguſh it from the others, we 
may call this planetary attraction. The ſecond modification of 
attraction, is that which cauſes bodies projected into the atmoſ- 
phere, to tend towards the centre of the earth. This is terreſ- 


trial gravitation. And the third modification of this general 


force, is that by which the different parts of any particular body 
25 2 ſtone, or any compact ſubſtance, tend towards their centre. 


| [tis the attraction which produces aggregation, and which heat 


tends to deſtroy z and by diminiſhing this, it produces a great 
number of effects, combinations, decompoſitions, vegetation, ani- 
malization, &c. 1 | 
Boerhaave, who has conſidered the effects of fire rather as a 
philoſopher than as a chemiſt, has laid down three rules, or laws, 


| concerning rarefaction conſidered in general, which we will now 


proceed to examine. 


LAW TI, 
All Badies are dilated by Heat x. | 
Though it be true in general, that almoſt every body in na- 
ture is dilated and rarefied by heat, it is neceſſary to make ſome 
remarks on this phenomenon. In the firſt place, all mineral ſub- 
ſtances without exception, experience a dilatation, which is great- 


er, the more intenſe the heat '. This rarefaction is ſuch as to de- 


troy the aggregation of a great number of them. But if this 


law be applied to animal and vegetable matter, it appears to be 


ſudjeCt to ſome exceptions. In fact, a gentle heat really dilates 
their fibres, ſeparates them, and diminiſhes the denſity of their 
texture; but by a ſudden and ſtrong heat, parchment, mem- 
branes, and tendons, ſhrink and contract; a property which 
ſeems to depend on the irritability, or rather the contractability of 
auimal fibres, to which heat ſeems to be a ſtimulus, as long as 
their organization is not deſtroyed. | 


This law is univerſal in bodies, ſo long as they retain the ſlate of ſolidity, flui- 
dity, or vapour they happen to poſſeſs; and have ſuffered no change either in the 
combination or quantity of their chemical principles. If the rule be taken in this 
ſenſe, the exceptions of our author will not ſtand, 7. 
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LAW II. 
Bodies rarejfied by Heat, have all their Dimen ons enlarged. 


A bar of iron increaſes both in length and thickneſs when 
heated. Philoſophers have contrived many inſtruments to exhibit 


and meaſure this effect of rarefaction. The pyrometer invented 


by Muſchenbrock, ſhows the dilatation of heated metallic bars to 
the 12,500 of an inch. This ſenſibility is obtained by the mo- 
tion of expanſion being communicated through ſeveral levers, 
whoſe arms are of unequal length; ſo that the extremity of the 
laſt is moved through a ſpace ſufficiently large to give motion to a 
wheel, which carries an index or hand round a graduated circu- 


lar plate, and ſhows the minuteſt changes of length in the bar 


under examination. But as this inſtrument is uſed only to ſhow 
the expanſion of metallic bars lengthwiſe, philoſophers have made 
an experiment with a cylinder of metal fitted to an orifice in x 
metallic plate, ſo as juſt to paſs through it when cold, and they 


find, that the ſame cylinder, when heated, could not paſs. It iz 


therefore eſtabliſhed, that bodies expand by ** in diameter, as 


well as in length k. 
This phenomenon is well known to chemiſts, who find it ne- 


ceſſary to leave ſufficient room in the iron grates they place in 
their furnace, and not to preſs too cloſely ſuch veſſels as are lut- 
ed together; for, without that precaution, it would not be poſ- 
ſible to avoid the fractures and inconveniencies which their expan- 
fion would produce, 


LAW III. 


The Dilatation 1 Heat is direct as the Rarity, or noed as lle 


Denſity of Bodies. 


Boerhaave, in the eſtabliſhment of this law, compared the eſ- 
fect of heat on no more than three ſolid bodies, and theſe ver) 


different from each other, namely, wood, ſtone, and metal. He 


obſerved, that wood dilated moſt, next ſtone, and then the metal, 


and that the rarefaction of the particles of theſe bodies followed 


the inverſe ratio of their denſity. From thence he concluded, 
that the rarer the texture of any body, the more it will be dilated; 


and the denſer, the leſs will be the degree of its dilatation. But 


M. Buffon, in repeating the experiment of the rarefaction of a great 


ved 


But 


more denſe than either the ſpirit or t 
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| earicty of ſolid bodies by heat, found, that heat dilates them in 


proportion to their ſuſceptibility of alteration by fire. That is 


| to ſay, ſtones, in proportion to their calcinability, and metals, 


in proportion to their fuſibility. Boerhaave extended this law to 
fluids, on no better ground than trials made with air, ſpirit of 
wine, and water. If he had brought mercury into the compa- 
riſon, he would not have generalized ry get: for, though much 

water, its dilatation is 
greater. This experiment proves, that neither the quickneſs of 
becoming heated, nor the degree of expanſion, is governed by 
the inflammability, or by the fuſibility of the matter under con- 
ideration. Mefirs. Bucquet and Lavoiſier, who have made a 
long courſe of experiments on the dilatation of fluids by heat, and 
its progreſs, have not been able to diſcover the cauſe of the ſin- 
cular diverſity they have obſerved, and have contented them- 


ſelves with deſcribing the facts without drawing any inferenccs. 


In addition to the laws of the rarefaction which heat produces, 
and which are far from being yet well underſtood, it is eſſential 
to know, 1. That all bodies, in paſſing from the ſolid to the fluid 


| ſtate, or from fluidity to vapour, produce cold, as ſalts by ſolu- 


tion in water, ether by evaporation, &c. 2. That fluids, capa- 
ble of becoming concrete, produce heat in paſling to the ſolid 
ſtate. Thus water, which freezes by being placed in a freezing 
mixture, never becomes ſo cold as ſpirit of wine plunged in the 
ſame mixture. It may be conceived, from what is here expoſed, 
that this general effect depends on the circumſtance, that a ſolid 
body which becomes liquid, abſorbs more heat than it before poſ- 
ſeſſed; whereas, in the contrary circumſtance, it gives out the 
quantity of heat which kept it in a ſtate of fuſion. 


$ 4. Concerning the Phlogiſton of Stahl. 


Beccher, ſtruck with the wonderful property certain bodies 
poſſeſs of producing fire, that is to ſay, heat and light, by repeat- 
ed motion, or by the contact of other bodies in a ſtate of igni- 
tion, concluded, that it depended on a particular principle, which 
be called inflammable earth. Stahl, whoſe attention was ſtrongly 
fred on this doctrine, imagined that this principle was pure fire, 
or the matter of fire fixed in combuſtible bodies, and gave the 
name of phlogiſton, or the inflammable principle, to this element 
thus combined ; in order to diſtinguiſh it from fire in action, or 
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in a ſtate of liberty. Its properties, when in ale den are 


therefore, very different from thoſe it poſſeſſes when at liberty, 
ſo that it can no longer be known by its two diſtinguiſhing cri. 
terions, heat and light. But it refumes them when ſeparate 
from the bodies which confined it, and appears again with al 
the brilliancy and heat which accompany it when ſet free. Such 


was the ſimple and ſublime idea of Stahl on the nature of com: 


buſtible bodies. It is, in fact, natural to think that ſuch matter, 
as by becoming once ſtrongly heated, take fire, and continue t 
burn till entirely conſumed, owe this property to fire concealed 

within them ; and that combuſtion is nothing more than a pro. 
ceſs by which this fire is developed. All inflammable bodie, 
therefore, according to Stahl, contain fixed or combined fir, 


which is the principle of their inflammabllity. Hence he regard. 


ed the inflammable principle as identical in all bodies that con. 
tain it, whatever be their nature, or however they reſpectixeh 
differ from each other. Nothing more was required than the 
property of combuſtibility, to prove the preſence of phlogiſton 
in large quantity. Thus, ſulphur, coal, metals, oils, phoſphorus, 
&c. owe their inflammability to fixed fire, and the differences of 
ſtructure, form, colour, conſiſtence, weight, &c. depend on the 
various principles with which the phlogiſton is united; this laſ 
being univerſally the fame, except when, by changes of ſtate, i 
becomes free or uncombined. 

To arrive at a knowledge of the properties of fined fire, or pb 
giſton, Stahl made a compariſon between ſuch bodies as contain 


it, and others into which it does not appear to enter. He ob. 


ſerved, that the firſt in general poſſeſſes colour, ſmell, fuſtbility, 


volatility, and combuſtibility; while the latter are uſually colour 


» 


teſs, without ſmell, more or leſs fixed, infuſible, and more eſpe- 
cially incombuſtible. He has alſo taken notice, that bodies, mi 
nifeſtly abounding with phlogiſton, loſe the greater part of the 
properties common to them as ſuch, on being deprived of that 
principle, and have them reſtored upon being again furniſhe 
with phlogiſton. 

It was more eſpecially from the conſideration of experiment 
made with ſulphur and metallic ſubſtances, that he eſtabliſhed 
bis doctrine with ſucceſs. Metals, according to him, are com 


pounds of peculiar earths united to phlogiſton. When they ar 


calcined, their phlogiſton becomes diſengaged, in the form a 
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fre at liberty; in conſequence of which they are no longer fu- 


ſible, ductile, or inflammable. Theſe properties are reſtored 


when the earths are again united to phlogiſton, by heating them 
with oils, coal, or any other matter abounding with that principle. 
Sulphur is compoſed of the vitriolic acid united to phlogiſton. 
Its combuſtion diſengages and diſſipates the latter; the acid only 
remains. If this acid be treated with coals, oils, or. metals, it 
deprives them of their phlogiſton, and again forms ſulphur, which 
is a coloured, odorant, fuſible, volatile, and inflammable ſubſtance. 

The difficulties attending the doctrine of phlogiſton may be 
compriſed under three claſſes. 1. The properties Stahl has attri- 
buted to this principle, are not univerſally found in thoſe bodies 
which he affirms to contain it. Charcoal, and in particular that 
of reſins, which he regards as being almoſt pure phlogiſton, is 
poſſeſſed neither of ſmell, volatility, gr fuſibility. There are even 
ſome charcoals which are not very combuſtible. Diamond, a 


ſubſtance very infuſible, fixed, tranſparent, inodorous, is perhaps 


the moſt inflammable ſubſtance we know, ſince it burns totally, 
and without reſidue. 1 59 of wine, ether, and m—_ eſſential 
7 have no colour. 

It often happens, that bodies in loſing their phlogiſton ac- 
er the very properties Stahl commonly attributes to its pre- 


ſence, and which were ſcarcely obſervable in the body before. 
| Moſt metallic bodies, by calcination, acquire a deeper colour, as 


may be inſtanced in cobalt, mercury, lead, iron, copper, &c. 

3. Stahl, in his great attention to combuſtible bodies, from the 
nature of which he endeavoured to aſcertain that of phlogiſton, 
has paid very little regard to the abſolute neceſſity for the pre- 
ſence of air in combination; and ſeems to have forgotten how 
eſſential it is to that proceſs. It is in conſequence of this, that 
he has not foreſeen the ſtrongeſt objeCtion that could be made to 
his theory; but which, however, was not propoſed by any che- 


miſt of his time. If combuſtion be nothing more than the diſ- 


engagement of phlogiſton, it is clearly a decompoſition, in which 
the inflammable body loſes one of its principles. But is it poſſible 
that a body, by the loſs of one of its principles, ſhould become 
abſolutely heavier than before? Let it is true, that one hundred 
pounds of lead afford an hundred and ten of minium; and that 
ſulphur, by combuſtion, affords more than its own weight of vi- 
triolie acid. And in the ſame manner, ſixteen ounces of ſpirit of 
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wine, by being burned, affords eighteen ounces of pure water, 
according to the happy diſcovery of M. Lavoiſier. 

The force of this objection, added to the difficulty of proving 
the exiſtence of phlogiſton, have induced ſome modern chemiſt; 
to deny its exiſtence altogether. This, however, muſt be under. 


' ſtood with ſome reſtriction ; for, notwithſtanding the immenſe 


reſearches made of late years into the phenomena of combuſtion, 
the opinion which admits the exiſtence of fire as a principle fixed 
in bodies, has not yet been overthrown, and its name of phlogi. 
ſton has been changed into that of caloric or combined heat. 
But it is not to this matter that the property of combuſtibility i 
attributed. Its preſence in inflammable bodies is not that which 
determines their inflammability. | h 

Since the attention of chemiſts has been directed to the an 
ſity of air to combuſtion, many important diſcoveries have been 
made; the. principle of which 1s, that a portion of atmoſpheric 
air is abſorbed by bodies that burn, and that it is this part of the 
air, which, becoming fixed or combined, increaſes the abſolute 
gravity of metals, ſulphur, phoſphorus, inflammable air, and ſyi- 
rit of wine, after their combuſtion. And it has likewiſe been 
diſcovered, that this augmentation correſponds accurately to the 
weight of the air abſorbed. Some chemiſts, at the head of whom 
Meſſrs. Lavoiſier and Bucquet may be placed, have admitted a 
new theory, entirely founded on the abſorption of air, and where- 
in no mention is made of phlogiſton. This theory is directly op- 
polite to that of Stahl, and is comprehended in the four follow- 


ing principles: 
1. The bodies, called e by Stahl, are, according to 


this doctrine, bodies which have a ſtrong tendency to unite with 
air; a tendency which in general conſtitutes combuſtibility. 
2. All the facts or circumſtances in which Stahl ſuppoſed phlo- 


giſton to be diſengaged, conſiſt of nothing more than the enter- 


ing of pure air into combination. Such are, combuſtion, calci- 
nation, reſpiration, the formation of the vitriolic and phoſphoric 
acids by the combuſtion of ſuphur and of phoſphorus. 

3. Every circumſtance, on the contrary, wherein phlogiſtol 
enters into combination, according to Stahl, conſiſts of nothing 
more, in the pneumatic theory, than the diſengagement of ai: 
Such are the production of metals effected by the reduction 
of metallic calces and charcoal, the decompoſition of acids by 
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combuſtible bodies, and in particular thoſe of the vitriolic and 
nitrous acids by iron, charcoal, &c. 

4. Every matter which Stahl ſuppoſes to be a compound, con- 
taining phlogiſton, is regarded in this theory as a ſimple ſub- 
ſtance, which has a ſtrong affinity with pure air, and endeavours 
to combine with it whenever they come into contact. So that 
combuſtion eonſiſts in a combination of air with the combuſtible 
| body; and every operation, in which bodies have been thought 
to regain phlogiſton, is ſimply either the pe ee of pure 
air, or its paſſage from one body to another: | 

This opinion, adopted by the late M. Bucquet, in his-latter 
courſes of lectures, explains the greater part of the phenomena 
| of combuſtion, calcination, and reduction of metallic calees; but 

it does not afford adequate reaſons for the flame which is pro- 
duced by bodies in a ſtate of ignition, nor the rapid motion and 
other changes that attend it. M. Macquer, who muſt have been 
well aware of the influence of the modern diſcoveries on chemi- 
cal theory, was of opinion that they do not entirely overthrow 
that of Stahl, and has found means to unite the pneumatie doc- 
trine we have hefe explained with that of phlogiſton, by conſi- 
dering this principle as light fixed in bodies. After having ſhown 
that pure light, ſuch as is emitted by the ſun, may be regarded 
as the true matter of fire, and that by admitting it as fixed in 
bodies, it conſtitutes the phlogiſton of Stahl, he conceives that 
in every inſtance of combuſtion, the pure air diſengages the light 


or phlogiſton from inflammable bodies, and occupies its place; 


ſo that calcination may be regarded as the precipitation of air, 
and diſengagement of light. When, on the contrary, phlogiſton 
is reſtored to neutral ſubſtances, the matter of light ſerves to diſ- 
engage in its turn the air fixed in thoſe bodies, by which means 
they again reſume the metallic ſtate. In this theory, which per- 


fectly anſwers the intention of its author, by uniting the doctrine 


of Stahl with that of the moderns, Macquer thinks that phlo- 
piſton can unite with bodies even in cloſed veſſels, becauſe light, 
which he regards as the true phlogiſton, paſſes through glaſs veſ- 
ſels, as every one knows, and even penetrates metallic or earthen 
yeſſels when heated to ignition. Scheele has propoſed a different 
theory, which has had its adherents among the northern chemiſts, 
te I that fire, heat, and light, w were compounds of vital 
dl, J. L 
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was decompoſed, it depoſited. its. phlogiſton, and the vital air wa 
: diſengaged as in the reduction of the metallic calces or oxyd,, 


phorus; &c. after their combuſtion. . 
Has offered a new doctrine, which many French chemiſts har 


heat, and all the great phenomena which combuſtible bodies 
preſent in their inflammation, depend more. upon the air which 


nious ſyſtem ; we ſhall dwell more largely upon it in the hiſtor 


attend the rapid combuſtion produced by this air, performs nearlf 


the ſame office as the phlogiſton of Stahl, or the fixed light a 
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air and phlogiſton ; that, by paſſing through the veſſel, the ligh 


But this ingenious theory, by the aſſiſtance of which Scheele 
explained the influence of ſolar light and heat differently modi. 
fied, in a great number of chemical phenomena, does not afford 
the reaſon of the increaſe of weight in —_— ſulphur, wy 


Lavoiſier, whoſe opinion ought to haves as tack weight in 
chemiſtry as his experiments have had influence on its progreſ, 


adopted, and which appears to me to explain, the moſt per. 
fectly of all the phenomena of nature. He thinks that light 


favours this laſt proceſs, than on their own proper nature; 
that the flame which takes: place in this operation, ariſes rather 
from the light diſengaged from the pure air, than from that 
which is ſeparated from the combuſtible body. The decompoi 
tion which takes place, according to Stahl and Macquer, in the 
inflammable ſubſtance, is by him attributed to the pure air, which 
he confiders as a compound of the matter of fire, and another 
principle we ſhall hereafter ſpeak of ; and the fixed fire, whoſe 
diſengagement produces the principle effect, is, according to him, 
ſeparated" from the pure air rather than from the combuſtible 
body, We cannot enter more fully in this place into this inge- 


of air, which belongs to the following chapter. We ſhall content 
ourſelves by obſerving, that the matter of fire or: heat, which 
Lavoiſier admits in pure air, and whoſe diſengagement is, accord 
ing to him, the cauſe of the dazzling flame and ſtrong heat which 


Macquer, and that all chemiſts are agreed concerning its exit 
ence; but that they differ in this, that ſome admit its exiſtence i 
the combuſtible bodies, and conſider it as the cauſe of inflanm» 
bility z others think that it exiſts in the air, and that it is not tht 
ſubſtance which determines the combuſtibility. We ſhall, in tit 
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it following chapters explain the reaſons which lead us to think, 
as that this laſt opinion 1s the moſt probable ®. 


(5. The 22 of Heat on Bodies confudered Chemically. 


od - It has been ſeen, that one of the principal effects of heat, is 
" the rarefaction of bodies, that is to ſay, the augmentation of their 


bulk, by increaſing the diſtance between the particles, and a con- 
ſequent diminution. of their ſpecific gravity. This, is the ſimple, 
phyſical, or mechanical idea, we have exhibited in ſpeaking of 
farefaction in general; but when this action is more carefully at- 

tended to, we find its other conſequences are ſuch, that it be- 
| comes of eſſential conſequence to underſtand them. 

The firſt and moft ſtriking chemical conſideration that preſents 
itſelf, is, that heat, by removing the particles of bodies farther 
| apart, diminiſhes their aggregation. The force of aggregation 
| and the affinity of compoſition being always oppoſed to each 
other, as has been ſhown in the third chapter, it is eaſy to con- 
ceie that fire or heat ſingularly, favours * combination, by de- 


the ſtroying aggregation. This effect has cauſed fire to be regarded 
ich 33 the principal agent of the chemiſts, and they have themſelves 
ther aſſumed the title of philoſophers by fire. We ſhall ſee, however, 
hoſe that they avail themſelves much leſs of its aſſiſtance than they 
him, ſormerly did. | 
tible The action of heat conſidered under this point of view, as 
noe- ending to deſtroy aggregation, and to favour combination, ſeems 
ſtory tobe modified in four different manners, according to the nature 
tent ol the bodies on which it exerciſes its power. 
zhich 1. There are bodies which it only dilates, during the time of 
cord. is continuance, without altering them in any other reſpect; theſe 
chick rr called apytous : Thus it is found that rock cryſtal +, expoſed 
earl o the ſtrongeſt and moſt powerful heat, continued for a long 
ht of me, ſuffers no alteration, either in hardneſs, tranſparency, or 
exit ux other property, and comes forth from this trial as denſe and 
ace in — — 
n . The fimple removal of particles Fram each other, may favour combination, 
Jr enlarging the intervals through which other particles muſt paſs, in obeying the 
ot the us of affinity; and there may be many aſſinities too weak to act without this 
in the agance. T. ; 


lt has been melted by flame, neg by a ſtream of dephlogilicated air. T. 
| Li 
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as beautiful as ever. There are few ſubſtances equally unchange, 
able by fire nu. 

2. Heat entirely 2 the aggregation of many bodies, 
cauſing them to paſs from the ſolid to the fluid ſtate. This phe. 
nomenon is called fuſion, and the bodies which undergo it 1 
There are different degrees of fuſibility, from that of platin, 
which is exceedingly difficult to melt, to that of mercury, which 
in our climate is always fluid. This fuſibility, carried to the ex. 
treme, is volatility. A body is volatilized, or riſes into the at 
moſphere, when it paſſes from the ſtate of liquidity, by a high 
degree of rarefaCtion, to that of an elaſtic fluid. Being then 
| lighter than the atmoſpheric air, it aſcends, and remains ſuf. 
pended, or diſſolved, until condenfed by cold. Bodies poſſeſſed 
of this property, are ſaid to be volatile. Thoſe which do not 
poſſeſs it are called fixed. There are many gradations between 
 KGrity and volatility. It ſeems indeed that there are no bodies 

abſolutely fixed, and that they are only relatively fo with reſpel 
to our fires, but would riſe at greater heats than at preſent we 
know how to excite. The ſame obſervation applies alſo to inful. 
bility. The cauſe why rock cryſtal cannot be fuſed, is fimph, 
that we cannot excite a ſufficient degree of heat. The inful- 
bility and fixity of bodies is therefore merely comparative amor 
each other, and with reſpect to our fires. 

This eſſential property of volatility muſt be well diſcriminated 
from another kind, which is only apparent. The current d 
heated air, or exploſions of flame, may raiſe bodies in a ſtate a 
minute diviſion, though not volatile in themſelves. Thus the 
calx of zinc is raiſed by the rapid motion of the flame which l 
produced in burning that ſemi-metal. | 

3. When heat acts on bodies compoſed of two > principles, 
of which is volatile, and the other fixed, it ſeparates them 
volatilizing the former. Theſe bodies are decompoſed withou 
alteration ; ſo that they may be compounded again, and all ther 


properties Maids to re-appear by uniting them. This ſeparating d 
of conſtituent parts, is the true or ſimple analyſis. Fire apple pi 
to bodies compoſed of two ſubſtances differing greatly in tha he 
degree of. volatility, reduces the very volatile ſubſtance to H pa 


ſtate of vapour, while the fixed remains unaltered. In order ti 
this analyſis may take place, it is a neceſſary condition that ti 
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fixed, as well as the yolatile ſubſtance, be unalterable by the heat. n 
applied ; or that the heat to which they are expoſed, be not 1 
raiſed ſo as to change completely their properties. In that caſe, 
the volatile ſubſtance having undergone no greater alteration than 
the fixed, they may be united together fo as to produce a com- q 
pound the ſame with that which exiſted before its decompoſition. | ö a 
It is this alone that indicates that a true or ſimple analyſis has | ] | 
deen effected. But as it ſeldom happens, that bodies are com- ] 
poſed of two ſubſtances, the one volatile and the other fixed, and | 
25 it is often difficult, and even ſometimes impoſſible to regulate 1 
the heat ſo as to ſeparate the more volatile, without changing the 
nature of the fixed; it is eaſy to conceive, that the number of bo- 
dies thus ated on by heat, is very ſmall. This is the reaſon why 
chemiſts make leſs uſe of fire in their operations than they did 
formerly. The ſubſtances on which heat produces this effect, || 
| are ſaid to be decompoſable without alteration. Certain mi- 1 
neral matters, ſuch as cryſtallized ſalts, and ſolutions of neutral 4 
ſalts, belong to this claſs. 8 | | 
4. If the bodies expoſed to heat be compoſed of ſeveral prin- 
ciples, both fixed and volatile, the volatile principles combine [| 
together, as do alſo the fixed; ſo that the decompoſitions afford | 
new products, which cannot form the original compound by re- | 
union. This is the falſe or complicated analyſis; and bodies 
thus ated on by heat, are ſaid to be decompoſable with alteration. 
The greateſt number of natural ſubſtances are of this kind; 
becauſe they are compoſed of too great a number of principles ta 
admit of the action of heat, without new combinations taking | 
place, as well as decompoſitions. Since the force of the affinity 1 
of compoſition exiſts in all bodies; ſince it is even aſſiſted by 
| heat, in proportion as the principles of a compound of this na- 
ture are volatilized by the fire; they re- act on each other, unite 
and form an order of combination different from that which ex- 
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all teu itted formerly: The ſame kind of union takes place alſo among 
para the fixed principles of the body. Thus we find, by expoſing a a 
apple piece of wood, bark, or other vegetable matter, to the action of 1 
in then beat, the oily matter and the charcoal, which are the component 
e to parts, decompoſe a portion of the contained water, and form an | 
der uh acid, elaſtic fluids, and a brown oil, which did not exiſt as ſuch | 
that b n the wood, &c. Every part is therefore changed by the action 
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of the heat, and the phenomena announce a falſe and compli. 
FEM cated analyſis, whoſe reſults would miſlead chemiſts, if they were 
[ "1 not aware of its uncertainty and inſufficiency. It is certain that 
14 art cannot produce again any vegetable ſubſtance, by mixture of 
1 the phlegm, oil, acid, and coal obtained by an analyſis of this 
li x | kind, becauſe the principles it affords have ſuffered very conſi- 
its derable changes. It is unfortunate that the greater number of 
17 | bodies are ſubject to this kind of change by heat. Every animal 
Y 1 | | and vegetable ſubſtance, and a great quantity of mineral matters, 
1 ME, belong to this claſs ; but the modern diſcoveries are able to de. 
1 | termine the true nature of the principles which conftitute theſe 
1 matters, from the conſideration of thoſe which are diſengaged. 
Thus far we have ſpoken only of a ſtrong heat, ſuch as is com- 
monly applied in the different operations of art; but a low de. 
gree of heat, long continued, produces in the operations of m- 
ture a great number of phenomena, which the chemiſt ought to 
attend to, and endeavour to underſtand. The vibrations excited 
by the preſence of heat, in the ſolid parts of bodies, and the 
rarefaction and agitation produced in the fluids, keeps up a con. 
tinual inteſtine motion, which by degrees changes the form, thc 
dimenſion, and ſtructure of the former, and ſenſibly. alters the 
conſiſtence, colour, taſte, and, in a word, the intimate nature 
of the latter. This is the general idea we may form of the ex- 
iſtence and effect of the chemical operations that take place in 
natural bodies, of the ſpontaneous decompoſition and re-combi- 
nation of minerals, with the cryſtallization, ſolution, and for- 
mation of ſalts, the vitrification, and metalization, the vitrioliza 
tion, and mineralization that take place in the interior parts of 
the globe we inhabit. It is to the powerful agency of heat, like- 
wiſe, that we muſt recur, to account for the alterations of which 
the bodies of vegetables and animals are ſuſceptible, the motion 
of the ſap, the mild fermentation which produces maturation d 
ripeneſs in fruits, the formation of oils, of the ſpiritus rectos 
of mucilages and of the col6uring principle, the compoſition d 
animal fluids, their decompoſition, reciprocal changes and putre 
faction. All theſe important phenomena are produced by che: r 
mical operations; and the heat diffuſed over our globe is the g 
verning principle. Our preſent intention is ſufficiently anſwered, Wilſ a 
by the tranſient view we have taken of this common ſource i 1: 
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notion, life, and death. We have here given a ſketch of the 


- 

1 ſubject, and ſhall endeavour, in the * ſheets, to exhi- 
at bit its parts with accuracy. | 
of As theſe various effects of heat ate ehe the N which 
us it produces between the particles, let us again conſider this firſt 
fi effect, and endeavour to appreciate its whole influence. 

of Water in the form of ice is ſoftened by a certain degree of 
al heat, as appears by i its being leſs elaſtic ;/ a greater degree of heat 
rs, melts it; and laſtly, it becomes ſtill more fluid, if the term may 
de- be uſed, when a ſtronger degree of heat reduces it into vapour, 
eſe or elaſtic fluid; ſo that the vapour of water may be ſaid to con- 
. tain a total ſum of heat, confiſting of the quantity neeeſſary to 
Me conſtitute ice of a certam denſity, added to the quantity neceſ- 
de. ry to produce the ſtate of liquidity; and laſtly, the quantity 
m- neceſſary to maintain the ſtate of elaſtic fluidity e. 

t to This general theory may be applied to all the bodies in nature; 
ited there is no one which may not be conſidered as capable of paſ- 
the ing through all theſe ſtates by the aſſiſtance of a ſufficient degree 
con- of heat, and as far as relates to this property, they do not appear 
the to differ from each other, but in the quantities of heat neceſſary 
o the to produce the changes reſpectively in each. It is for want of a 
ature ſufficient degree of heat, that rock cryſtal can neither be melt- 
e er. ed, nor brought into the vaporous ſtate; and it is no more dif- 
ce in icult to conceive the poſſibility of this deling effected, than ĩt 1s 
\mbi- to conceive that the fluid we always ſee in a ſtate of elaſticity, 
| for namely, the air may acquire a great degree of ir as in fact 
oliza- happens in many-combinations. 


rts of It is eaſy on theſe principles to explain the Govimnin of elaſtic 


| like- fluids, which are diſengaged in a great number of the operations 
which of nature and art. It takes place every time that a body receives 
notion and abſorbs. a. ſufficient quantity of heat to cauſe it to paſs to the 
ion 0 ſate of divifibility, which conſtitutes aeriform fluidity, and which 
-eCtot, takes place whenever bodies receive and abſorb ſufficient quan- 

jon of WY tities of heat. All aeriform fluids owe their elaſtic property to 
putre- Wl the matter of heat; but the preſſure of ſurrounding bodies, and 
y che · more eſpecially that of the air, is required to be removed or di- 
he go: niniſned before this ſtate of extreme dilatation can take place, 


wered, 


au if the weight of the atmoſphere be entirely removed, as hap- 
urce 0 


bens in the vacuum of the air pump, a body at a much lower 
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| temperature. than would. have been neceſſary to have produced 


on lofty mountains; and hence we may perceive the neceſſity of 
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the elaſtic ſtate in the open air, may immediately become elaſtic, 
This accounts for the more rapid evaporation which takes placg 


mentioning, in the account of experiments, at what degree of ex. 
ternal preſſure bodies have taken the form of elaſtic fluid, or x 
leaſt the degree of preſſure under which they can preſerve it, 
For it muſt be obſerved, that all bodies capable of taking this ſtate 
of elaſtic fluidity, are not equally diſpoſed to preſerve it, and that in 
this reſpect the differences between them are ſo great, that they 
have been diſtinguiſhed into permanent and non-permanent. The 
former remain elaſtic during a very long ſpace of time, and till 
ſome combination takes from them the matter of heat neceſſary 
to maintain their ſtate; the ſecond, which are denoted by the 
name of vapour, loſe the elaſtic fluidity by a degree of preſſure 
or refrigeration eaſy to be determined, and give out to all the ſur. 
rounding bodies the matter of heat, which maintains their aeri. 
form ſtate ; ſuch are water, ſpirits of wine, ether, &c. Thee 
three fluids are reduced into vapours, and preſerve their aerial 
form, when the barometer ſtands at 28 inches, and the water 
poſſeſſes the temperature of 802 of Reaumur's nnn ſpi- 
rit of wine 669, and the ether 329. 

It appears then, 1ſt, That the ſtate of elaſtic fluidity is a mode 
of the exiſtence of bodies occaſioned by combined heat. 2. That 
every elaſtic fluid is compounded of a baſe more or leſs ſolid, and 
the matter of heat. 3. That each of theſe baſes require more or 
leſs heat to reduce them into the ſtate of vapour or elaſtic fluid; 
and that-it is doubtleſs in conſequence of theſe properties that all 
elaſtic fluids differ from each other in their rise gravity, elal- 
ticity, &c. 


Mr. Lavoiſier has explained this thanty in a very perſpicuou 
manner, in a memoir printed among thoſe of the academy in 


1777. 

Though we haye ad elaſtic fluids into permanent and non- 
permanent, it muſt be obſerved, that this diſtinction does not 
really exiſt in nature, that it relates only to the heat and degree 
of preſſure which are experienced in our climates, and in moſt 
of the habitable parts of the globe ; and that if the cold and pref- 
ſure were more conſiderable, thoſe fluids, which are now taben 
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to be the moſt permanent, would ſoon ceaſe to be fo; and in 
the ſame manner, for the contrary reaſon, ether and ſpirit of 
wine would become permanently elaſtic fluids at a certain height 
in the atmoſphere, or at the high temperatures of certain cli- 
mates, ſituate beneath the equator, &c. 
The matter of heat, which contributes to the formation of per- 
manently elaſtic fluids, is intimately combined with them, or la- 
tent, and does not become ſenſible, till theſe bodies loſe this flui- 
dity by combining with other ſubſtances. We have ſought for 
an expreſſion which might denote this ſtate of combination in 
heat; we have adopted the word caloric, becauſe, in fact, when 
this body is fixed, it is no longer heat, but becomes ſo only when 
ſet at liberty. This denomination likewiſe avoids the periphraſes 
of the matter of heat, or latent heat, which have been the ex- 


W preffions hitherto uſed. Cooling, or the tranſition of heat to the 


| {tate of caloric 3 heating, or the tranſition of caloric to the ſtate 
of heat, depend on the general law we have eſtabliſhed. When- 
erer an acrifefm fluid or gas combines in ſuch a manner as to be- 
come liquid or ſolid, it loſes a great quantity of the matter of 
heat it before contained; and in order that it may paſs to this ſtate 
of denſity, it is neceſſary to preſent a body which has a greater 
affinity with its baſe than that baſe has with heat. Such in ge- 


neral is the cauſe of the fixation of elaſtic fluids; and in this man- 


ner do they loſe that form by becoming fixed or ſolid in liquid 
bodies; it may be further obſerved, that each of theſe fluids loſes 
or ſuffers the diſengagement of different quantities of heat, ac- 
cordingly as it becomes more or leſs ſolid in its new combination, 
or accordingly as that combination is capable of retaining more 
or leſs ſpecific heat. This obſervation ſerves to explain the dif- 
ference between the ſeveral kinds of combuſtion, which are more 
or leſs rapid, accompanied with greater or leſs heat and flame, 
and leave reſidues of various degrees of ſolidity, &c. pheno- 
mena which ſhall be mentioned in the following chapter. 

Laſtly, If preſſure and cold be the two means of condenſing 
all elaſtic fluids, we may, perhaps, by employing ſtrong degrees 
of both, ſucceed in cauſing them to loſe their gaſeous ſtate, and 
obtain the baſes ſeparate and pure, by excluding the matter of 
beat which kept them in ſolution. By this means we ſhould be- 
come acquainted with the baſes of vital air, of azotic gas, of hy- 
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one inſtance by Mr. Monge, who has reduced the ſulphureouz 


conſiderable enough; except in certain macerations made during 
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drogen gas, &c. This has already been done with ſucceſs in 


acid gas to a ſtate of f liquidity wks the i ge of a great degree 
of cold v. 


8 80 aum Fire, conſidered as a s Chemical Agent, and the Me. 
1 thod of applying it to Badies. 


The different changes produced in bodies by heat, are ingly 
ed by chemiſts in decompoſing or combining bodies. The firſt 
circumſtance to be attended to, is to have an exact meaſure of 
the degrees of heat neceſſary to effect the changes, of which the 
matters under examination are ſuſceptible. ' The degrees of heat 
are generally conſidered under two principal diviſions ; one com- 
prehending thoſe under the temperature of boiling water, and 
the other fuch as are above that temperature. The ſcale of the 
thermometer” ſerves to diſtinguiſh the former; the latter, for 
the greateſt part, can n be eſtimated NY from the . 47904 of dif- 
ferent — e | | 


2 1 Eat * the Boiling Water Point. 


"The" firſt divifion extends from 459 to 602 of Fahrenheit“. 
This temperature favours putrefaCtion, vegetation, flow evapora- 
tion, &c. It is not commonly uſed in chemiſtry, becauſe not 


winter, or for the cryſtallization of ſaline mixtures, after due ei- 
poration, placed in caves, or other ſituations of this temperature 

The ſecond diviſion, extending from about 687 to 809, continues 
to promote putrefaction. It excites the ſpirituous fermentation 
in faccharine liquors, and facilitates' evaporation, and the flow 
cryſtallization which follows. This is the ordinary heat of tem- 
perate climates. Tt is uſed for digeſtion," — ee fer- 
mentations, cc. 

The third diviſion lies between the 88th 150 0 ooth dear of 
the thermometer. In this temperature the acid, or acetous fer- 
mentation in vegetables, is beſt carried on, and plants are ſuc- 
cefsfully dried for practical uſe. It is uſed for certain ſaline ſo- 
Mens and to promote fermentations. 

The fourth diviſion is at, or near, the 1 of ao 


a. * ay 


as. 
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e Reaumur' s ſcale is uſed in the original. 1 
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o. It is called the mean degree of heated water, and is that 


745 


of the veſſels called balneum mariæ. It deſtroys the organization 
of animal matters, and volatilizes the more ſubtile parts of eſſen- 


tial oils, eſpecially the ſpiritus rector. It is uſed in the diſtilla- 
tion of vegetables and animal matters, whoſe phlegus 2 peive 
ciple of ſmell are intended to be ſeparated. - 

The temperature of boiling, water, or 212% is 1 in a decoe- 
CET SC x. ers 2: 


1 Diviſions of Heat above Boiling Water. e 

The firſt: diviſion melts fulphur, burns organized matter, or 
gives 2 low red heat to glaſs veſſels. _ 

The ſecond extends from the fuſion of the Fa metalily fugh 
x5 lead, tin, or biſmuth, to that of the ſofter kinds of glas. 
The third diviſion may be conſidered as including the Fuſan. of 
metals of a middle conſiſtence, ſuch as antimony, filver and gold. 

The fourth ſerves to bake porcelain, and fuſes. the more re- 
ſractory metals, ſuch as cobalt, copper, iron, &. 

The laſt and higheſt of all is found in the focus of the burning 
glaſs. This extreme heat calcines, burns, and vitrifies, in a very 


ſhort time, all bodies ſuſceptible of fuch a change. A fimilar 


degree of heat may be excited by a ſtream of vital air or oxyge- 
nous gas thrown upon charcoal, by means of the bellows or blow+ 
pipe. M. Monge is of opinion, that by preſenting atmaſpheric 
ar in a ſtate of compreſhon, to combultible bodies in a ſtate af 
inflammation in the furnace, an effect may be produced familar 


to that excited by vital air, This proceſs Sat m. be m 


phed to operations in the large way. 

Though theſe diviſions above boiling water are e * 
m well known to chemiſts, their admeaſurement has 
not the deſired preciſion. An inſtrument capable of indicating 
with exactneſs the degrees employed in theſe operations, would 


be an acquiſition of great value and importance. Mr. Wedg- 


wood has conſtructed in England a thermometer of this nature; 


it is formed of ſmall pieces of clay half an inch in diameter. 
Theſe pieces, when contracted by heat, advance to a greater or 
leſs diſtance between two rules of copper convergent towards 
each other, upon a plate of the ſame metal. In this manner, by 
means of a ſcale drawn upon theſe rules, the degree of contrac- 
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tion, and conſequently of heat, which they have _—— i$ 
aſcertained. Journal de Phyſique, 1787 r. 

The heat required in chemical operations, is produced by the 
combuſtion of charcoal, or common mineral coal. For this pur. 
poſe, various furnaces of different forms and names are con. 
ſtructed, according to the purpoſe they are intended to anſwer, 
Such are the furnace for digeſtion, for fuſion, the reverberating 
furnace, the wind furnace, the cupelling furnace; and it is poſ. 
ſible, by a ſkilful attention to various particulars, to conſtru@ 
a furnace capable of anſwering the intentions of every kind. It is 
then called a polycreſt furnace. On this ſubject the chemical dic. 
tionary of Macquer may be conſulted, where the author deſcribes. 
a peculiar and very uſeful furnace of his own invention: Alſo the 
chemiſtry of Baume, the Lithogeogneſia of Pott, the Journal de 
Phyſique of the Abbe Roſier, in which the deſcription of many 
furnaces, conſtructed by various chemiſts, may be found. The 
flame of oil and ſpirits of wine is ſometimes PRI in wy 
furnaces adapted to that purpoſe. 

The manner of communicating heat to bodies i in the various 
chemical proceſſes, likewiſe deſerves to be conſidered. If the 
combuſtible matter itſelf be applied to the ſubſtance itſelf, or the 
veſſel immediately containing it, the operation is ſaid to be per- 
formed by a naked fire. If any ſubſtance be placed between the 
fire and the veſſel containing the matter under examination, the 
interpoſed ſubſtance is called a bath. Hence the names balneum 
maria, or water bath, ſand bath, dung bath, cinder bath, &c. | 
The form of the veſſels employed in the treatment of bodies 
by fire, and the different phenomena preſented by the matter er- 
poſed to its action, have occaſioned a conſiderable number of ope- 
rations to be diſtinguiſhed by particular names, Such as roaſt- 
ing, calcination, fuſion, reduction, vitrification, cupellation, ce- 
mentation, ſtratifacation, detonation, decrepitation, fulmination, 
ſublimation, evaporation, diſtillation, rectification, concentra- 
tion, digeſtion, infuſion, decoction, lixiviation. Theſe opera- 
tions performed by the aſſiſtance of fire, conſtitute the practical 
part of chemiſtry, of which we ſhall *** to give a ſhort ac- 
count. 

Roaſting is a proceſs by hah mineral matters are divided, 
dane of their principles being volatilized, and others changed, 


CALCINATION, FUSION, &c. _— 


ſo as to prepare them for other operations, to which this may be 
regarded as preliminary. Minerals are ſubjected to this, in "2 


der to ſeparate their ſulphur or arſenic, and to render them more 


pulyereble or friable. In the ſmall way, this is done in crucibles, 
roaſting nets, or capſules of earth or iron, and generally with 
acceſs of air. Sometimes it is performed in cloſed veſſels, for 
which purpoſe two crucibles are uſually luted mouth to mouth. 
Calcination is, as it were, a more advanced ſtage of the pro- 
ceſs of roaſting. Minerals are by this deprived of their water, 
calcareous ſtones are thus converted into lime, and the metals- 
into metallic oxyds. The ſame veſſels are employed for this ute 
poſe as for roaſting. 

By. fuſion, bodies are made to paſs from the ſolid to as fluid 
ſtate, in conſequence of the application of heat. - Salts, ſulphur, 
and metals, are the chief bodies ſubjected to this proceſs. Cru- 
cibles of baked clay of porcelain, of courſe grit of iron and pla- 
tina, of various kinds and figures, with metallic cones or ingot 
moulds, are the inſtruments chiefly uſed. Theſe laſt give the 
figure to the matter, which, after being melted and cooled again, 
has the form of a bar, or ingot, or a button. 

In reduction or revivification, the oxyds of metals are reſtored 
to their metallic ſtate by the aſſiſtance of fire, with n or 
a or other inflammable matter. 

| Vitrification, is the fuſion of ſubſtances capable of fuming 
the brightneſs, tranſparency, hardneſs, and other properties of 
glaſs. Vitrifiable earths with alkalis, and metallic "_ are the 
principal matters ſubjected to this operation. 

Cupellation is the purifying of perfect metals, and the extrac- 
tion of the imperfect mixed with them, by means of an addition 
of lead. This laſt, promotes the vitrification of the imperfect 
metals, ſo that theſe laſt are carried off, and the perfect metals 
are left nearly pure. The name of this operation is taken from 
the veſſels made uſe of, which are a kind of flat crucibles, ſimi- 
lar to ſmall cups called cupels. Theſe are formed of the earth 
of bones, which, on account of its Fan, eaſily imbibes the 
glaſs of lead. | 

Certain powders made uſe of for including particular bodies 
intended to be changed by their action, in cloſe veſſels, ſubjected 
to heat, are called cements. Thus it is that iron is cemented 
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174 STRATIFICATION, DETONATION, &c. 


with powder of charcoal to convert it into ſteel z and lace with 
plaſter or fand, to convert it into a kind of porcelain. Cemen. 
tation is a proceſs, which, in certain caſes, requires a very ſtrong 

Stratiſication is an operation nearly ſimilar to the foregoing : It 
conſiſts in the arrangement of various ſolid bodies in a crucible, 
or other veſſel capable of reſiſting the fire. Theſe are generally 
in the form of bars or plates, and are blended with pulverable 
matters, capable of altering their nature. The form and the dif. 
poſition of theſe matters in beds or layers, frata ſuper ftrata, has 
given rife to the name ſtratification. In this manner copper or 
ſilver are treated with ſulphur, in order to effect a combination, 
This proceſs differs from fuſion, calcination, or vitrification, only 
in the particular diſpoſition of the matters ſubjected to it. 
Detonation is peculiar to nitre, and thoſe matters of which it 
is a component part. It conſiſts in the greater or leſs noiſe pro- 
duced by the exploſion of theſe ſubſtances when heated, ſuddenly 
or ſlowly, and by degrees in open or cloſe veſſels. Decrepitation 
which differs from detonation in its noiſe being much leſs, and 
in the kind of crackling found with which it is accompanied, is pe. 
culiar to ſuch ſalts as burſt aſunder by heat, which cauſes their 
water of cryſtallization to expand, and make its efcape. It is 
particularly obſerved in common ſalt or muriat of ſoda. Fulmi- 
nation is a quick and fudden detonation obferved in fulminating 
gold, fulminating powder, and the combuſtion of e N 
and pure air, &c. 

The operation of volitilining by heat, ſuch ſabſtances as are 
in a dry, folid, and often cryſtalline ſtate, is called ſublimation, 
The ſublimatory veſſels are of glazed earthen ware, or earthen 
cucurbits, with glaſs heads, or pots of earthen ware, or porce- 
lain, called aludels, matraſſes, &c. Sulphur, arſenic, cinnabar, 
and many mercurial preparations, ſome vegetable matters, and 
in particular, camphire and flowers of benzoin, are the chick 
ſubſtances which are raiſed in ſublimation. | 

Evaporation is the action of heat upon liquids, in order to di- 
miniſh the fluidity and quantity of the reſiduum, and to obtain 
the fixed bodies it may hold in ſolution. In this way the water of 
the fea or ſalt ſprings is driven off, and the falt is left. This 
operation is made in broad veſſels of earth, glaſs, filver, or other 
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a according to the nature of the liquids under examination. 
Evaporation 1s performed by an open fire, or with acceſs of air, 
in order that the fluid intended to be driven off may be at liberty 


to expand and be diſſipated, and that this may be effected more 


quickly by virtue of the diſſolvent power of the air, on n. in 
a ſtate of vapour. 

Diſtillation is an ee 1 of the 5 notutt; * 1 
ſormed in cloſed veſſels. It is intended to ſeparate the volatile 
from the fixed principles, by means of heat. Diſtillatory veſ- 
ſels are either alembics or retorts: The former conſiſts of an in- 


ferior veſſel, called a cucurbit, deſigned to contain the matter to 


be diſtilled, , and having an upper part fitted to it, called the ca- 
pital or head. In this laſt, the vapours are condenſed by the 
contact of the ſurrounding air, or in other caſes by the aſſiſtance 
of cold water ſurrounding the head, and contained in a veſſel, 
called a refrigiratory. From the lower part of the capital pro- 
ceeds a tube, called the noſe, beak or ſpout, through which the 
vapours, after condenſation, are, by a proper figure of the capi- 
tal, made to flow into a veſſel called the receiver, which is uſual- 
ly ſpherical. Theſe receivers have different names, according to 
their figure, being called matraſſes, balloons, &c. Retorts are 
a kind of bottle of glaſs, pottery, or metal, of a conical figure, 
having its extremity bent ſo as to form an angle more or leſs acute 


with its body, and hence the name retort, Diſtillation is im- 
properly diſtinguiſhed into three kinds, by aſcent per aſcenſum, 


by deſcent per decenſum, and ſideways per /atus. Theſe di- 


ſtinctions, which are but futile, ſeem to have been taken from 
the form of the veſſels. Matter in a ſtate of vapour always tends 


to riſe , but diſtillation by alembics has been called per aſcenſum, 
m the capital being immediately above the body, the vapours 
riſe in an obvious manner. The diſtillation by retorts has been 
called per latus, becauſe the neck of the retort comes out at the 
hide of the apparatus, though the roof of the retort be higher 
than its neck, and though the vapours paſs over only after having 
been condenſed by the external cold in the roof, or higheſt part 
of the retort. As to the diſtillation per deſcenſum, it is an un- 
ſkilful and ill-contrived operation, which is no longer uſed, be- 
cauſe its products are for the moſt part loſt, and thoſe which are 
obtained are in a foul and imperfect ſtate. It was performed by 
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176 ' RECTIFICATION, CONCENTRATION, &c. 


placing ſome vegetable ſubſtance on a cloth extended over the 
mouth of a glaſs veſſel containing ſome water; on this was laid 
a metal diſh containing live coals. In this way cloves, and ſeveral 
odoriferous matters were in the ancient pharmacy, and for per- 
fumer's uſe, diſtilled to obtain their eſſential oil. The product 
paſſed through the linen, and was condenſed by the water; but 
the greateſt part made its eſcape between the metallic diſh cover 


and the cloth. A diſtinCtion relating to the manner of heating 


bodies intended to be diſtilled, is much more neceſſary to be made, 
than thoſe we have been ſpeaking of. The water bath, the ya. 
pour bath, the ſand bath, the bath of aſhes, conſiſt of theſe ſub. 
ſtances contained in proper veſſels over the fire. In theſe the 
diſtallatory veſſels are plunged, and are by that means kept at a 


more determined and equal heat. The naked fire is alſo uſed in 


diſtillations, as is alſo the flame of a lamp, or of ſpirit of wine. 

Rectification is a ſecond diſtillation, in which ſubſtances are 
purified by their moſt volatile parts being raiſed by heat carefully 
managed. Thus ſpirit of wine, ether, &c. are rectified by their 
ſeparation from the leſs volatile and nen matter, which altered 
or debaſed their properties. 

Concentration is the inverſe of 9 as it is intended 
to deprive fixed fluids of the water which weakens them. This 
operation implies, it is evident, that the matter to be concentra- 
ted is heavier than water, and is uſed for certain acids, particu- 
larly the ſulphuric, phoſphoric, and alſo for eden of alkaline 
and neutral falts. 

Digeſtion is an operation in which ſuch matters; as are intend- 
ed to act ſlowly on each other, are expoſed to a flow heat con- 
tinued for a long time. It is particularly uſed in the extraction 
of ſuch parts from vegetables as are ſoluble in ſpirit of wine, or 
other fluids uſed for this purpoſe. The ancient chemiſts held 
this proceſs in great eſtimation. Though this confidence ſeems 
well founded, in conſideration of the change which, after ſtrict 
examination, it is found that moſt vegetable and animal ſubſtan- 
ces undergo by a too powerful heat, yet it is not carried to that 
enthuſiaſm which the alchemiſts ſhowed in their purſuits. Theſe 
men, with more aſſiduity and labour than their pretended art 
deſerved, made digeſtions of many years duration, and believed 
by that means that it would be in their power to work a great 
2 
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INFUSION, DECOCTION, &c. __ By 


number of miracles. Digeſtion is now confined to-the preparing 


of tinctures, elixirs, cordials, and it is ſucceſsfully uſed in the 

extractions of vegetable or animal principles without alteration- 
It is likewiſe uſed to nn in ſeveral proceſſes with mine- 

3 ; 

Infuſion is a proceſs well known. It conſiſts in pouring water 


| of any required degree of temperature on ſuch ſubſtances as 


have 2 looſe texture, as thin bark, wood in ſhavings or ſmall 
pieces, leaves, flowers, &c. It is very uſeful in ſeparating the 
moſt ſoluble parts of theſe, . is applied in a great number of 
chemical operations. F 

Decoction, or continued ebullition with water, is employed to 
ſeparate ſuch parts of bodies as are only ſoluble at this degree of 
heat, It greatly alters vegetable and animal matters, coagulates 


dhe lymph, melts the fats and reſins, hardens fibrous parts; and 


W i; advantageouſly ufed in chemical operations, by fuck as Are ac- 
N quainted with its effects. 


Lixivation, is the operation of diſſolving or extracting, by the 


| help of hot water, the ſaline and ſoluble matter contained in the 
| aſhes of plants, or the reſidues of diſtillation, or combuſtion, or 
of coals, or natural earths intended to be analyſed. As by 


this operation, ſalts of the kind termed lixivial are generally ob- 


France, than even the term lixiviation. This operation, there- 


| fore, is nothing more than a ſolution by the aſſiſtance of heat, and 
| docs not differ from infuſion, except in the particular application 

of the latter to vegetable and animal matters, while the former 
is applied to ſubſtances that have the properties of minerals. 


Such are the different operations performed in chemiſtry, by 


the aſſiſtance of fire ; And as nothing was formerly done with- 


out this agent, this ſcience was then no more than an art, and 
was called Pyrotechnia. At preſent it is much lefs uſed, in con- 
ſequence of the diſcovery of more certain methods of analyſing 
natural ſubſtances, The action of ſolyents or menſtruums em- 
Hloyed without the application of any heat beyond the tempera- 
ture of the air, is ſufficient to effect the moſt ſingular changes, 
and is productive of clear and valuable deductions, This me- 


77 is purſued with ſucceſs in the examination of ſalts, earth, 
d. I, Ge M 
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tained, it was natural to give it the name which it bears: The 
| ſynonymous word Ive, is, at preſent, more frequently uſed in 
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ployed in different degrees, it would be a valuable acquiſition, if 
we knew how to apply it with uniform intenſity. A furnace 0 


We have not received ſufficient information to enable us to con. 


benefited by this diſcovery, it is to be hoped that it will be ſpeed. 


7 


vegetable matters, &c. Heat is now regarded only as an aux. 
liary agent, by which combinations are forwarded. As it is em. 


this kind has long been a deſideratum among chemiſts, and the 
manipulations of artiſts have hitherto been the only guide to the 
chemiſt; but it is impoſſible by this means to have the degree of 
preciſion ſo much to be deſired. Dr. Black has contrived fur. 
naces which appear proper to produce a regular and uniform hext, 
by means of regiſters, which are opened or clofed at pleaſure, 


ſtrut the like; but as the art of chemiſtry cannot but be yreath 


ly adopted in France “. 


— —— 


* Dr. Black's furnace is deſcribed in the : Edinburgh New Diſpenlary, Pinted 
in the year 1786, p. 49, 50. 
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[Page 139. 


2 Fourceoy has neglected to explain the W of caloric. The fol 
lowing note is intended to ſupply this omiſſion. _ 

1. The caloric of the French chemiſts is ſynonymous with the igneous fluid of La- 
voiſier, with the abſolute beat of Dr. Crawford, and with the matter of beat of la 
Place. Theſe terms expreſs a particular kind of matter, or a particular quality 
matter, which exiſts under a variety of modifications that are mutually con- i 
vertible. 

2. One of theſe modifications is free caloric. It is in this ſtate that caloric . 
fects animals with the ſenſation of heat, and that it expands in every direction the pc 
bodies into which it enters. Free caloric was formerly called /enſibls heat, and 


ſynonymous with the expreſſions of interpoſed caloric, uncombined caloric, thermo tit 
trical fire, and caloric of temperature. th 
3. Regarding caloric, as an eminently elaſtic fluid, which is always tending to ba 


expand, according to certain laws peculiar to itſelf, it is ſaid that caloric tends 
conſtantly to the ſtate of equilibrium. It is upon this property of caloric, that the 
uſe of thermometers is founded. When a mercurial thermometer is immerſed in 
water, the caloric of the water makes an effort to diffuſe itſelf through the met. 
cury, and the caloric of the mercury makes an effort to diffuſe itſelf through toe 
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water. If the tendencies to expand be equal in theſe two quantities of caloric, 


both quantities will remain at reſt; the mercury will neither be expanded by the 


entrance of caloric from the water, nor will it be contracted by the loſs of any 
part of its own caloric. But when the tendencies to expanſion are unequal, the 
caloric is impelled from the ſubſtance where it had exiſted in the ſtate of the 
greateſt tenſion, into the ſubſtance where it had exiſted in the ſtate of the leaſt ten- 
ſion ; and this low of caloric continues till the forces expanding. it are in equili- 
brium. When this happens, the degree of dilatation of the mercury, or other 
fluid employed in the conſtruction of the thermometer, is ſaid to indicate the gen- 
perature of the ſubſtance to which it is applied. | | 

4. Caloric is conſtantly tending to the ſtate of equilibrium, but it - paſſes with 
different degrees of facility through different bodies. It paſſes, for example, with 
greater facility through metals, than through wood or glaſs, Bodies are, there- 
fore, ſaid to be more or leſs permeable to caloric, or to conduct caloric more or leſs 
readily. | 4; 

5. When equal quanties of water, at different temperatures, or of any other ho- 
mogeneous ſubſtance ſuited for ſuch experiments, are mixed together, the caloric 
flows from the quantity which has the higheſt temperature, and diffuſes itſelf 
through the quantity which has the loweſt temperature, till the forces expanding 
it are in equilibrium, in every part of the maſs; and it is then found that the 
temperature of the maſs 1s the arithmetical mean between the temperatures of the 
two quantities that had been originally mixed together, | a 

6. When equal quantities of two different ſubſtances are taken, and mixed to- 
ether at different temperatures, the caloric, as in the former caſe, flows from the 
body which has the higheſt temperature, and diffuſes itſelf through the body 
which has the loweſt temperature, till the expanding forces are in equilibrivm, 
and conſequently till both ſubſtances have acquired the ſame temperature; but 
the temperature of the mixture is no longer, as in the former caſe, the arithmetical 


mean between the temperatures of the two ſubſtances that had been originally 
taken, In every known inſtance, it deviates from that mean, approaching more 


or leſs to the temperature of one of the ſubſtances employed. An example will 


illuſtrate this fact, and the concluſion to be deduced from it. When a pound of 


ice, at 32®, is mixed with a pound of the white oxyd of antimony by nitre (dia- 
phoretic antimony), at 27®, the uniform temperature of the mixture is 319; the 
ice having loſt 10 of temperature, and the oxyd of antimony having gained 49. 
Now, the oxyd of antimony receiving preciſely as much caloric in this experi. 
ment, as is taken from the ice, it follows, that the ſame quantity of caloric, which 
is capable of raiſing the temperature of the oxyd of äntimony 4®, is capable of 
railing the temperature. of the ice only 19, ſince the abſtraction of it has reduced 
the temperature of the ice only 1%. This fact is expreſſed by ſaying, that the ca- 
pacity of the white oxyd of antimony for caloric, is to the capacity of ice for caloric, 


a8 f is to 4. That is, the capacities of bodies for caloric expreſs the relative quan- 


tities of caloric, which are neceſſary to raiſe the temperature of equal quantities of 
theſe bodies the ſame number of degrees, provided the bodies do not change their 
fate or form, while this increaſe of een takes place *. Lavoiſier and La 
Place have employed the language of ſpecific heat; to cxpreſs the ſame idea Fe 


&. 


* Bodies, it is neceſſary to obſerve, exiſt in three different fates or forms; that 
of ſolidity, that of liquidity, and that of elaſtic fluidity. | 

f The objections which ſome authors have made to the uſe of the term capacity 
fer caloric, difappear beſors the preceding definition of that expreſſion, taken from. 
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7. There are twp methods of determining the capacities of bodies for earl. 
The one conſiſts in mixing together equal quantities of different bodies at diff: ren 
temperatures, and obſerving the temperature of the mixture as ſoon as it become, 
uniform. The capacities of the bodies are in this cafe inverſely, as the changes of 
temperature. The other method confiſts in raifing the temperature of different 
bodies to the ſame degree, encloſing equal quantities of them ſeparately in a ſphere 
of ice, and collecting the quantity of water which is obtained from the thawin 
of the internal ſurface of the ice, while the body placed within it is cooled vw 
to the temperature of 320. The capacities in this caſe are directly as the quan. 
tities of ice melted. The firſt of theſe methods has been practiſed by Dr. Craw. 
ford, The ſecond was contrived by Lavoiſier and La Place, The principles of 
both methods are explained with ſingular perſpicuity and accuracy, by theſe twy 
celebrated academicians, in their valuable Memoire fur la Chaleur, publiſhed in the 
volume of the Memoires of the Royal Academy of Sciences at Paris, for 1?%, 
The ſame paper contains directions for reducing the ſecond method to practice; 
and directions for the firſt are given by Dr. Crawford, in his Treatiſe on Anima] 
Heat, and by Seguin, in the fifth volume of the Annales de Chimie. 

8. The ſpecific caloric of the French chemiſts expreſſes the relative quantities af 
caloric contained in equal weights of different bodies, reduced to the fame tempe. 
rature ; or it means the whole quantity of caloric contained in a body, compared 
with the whole quantity contained in another body, having the fame weight, and 
the ſame temperature. Dr. Crawford has ufed the term comparative beat, in the 


fame fenſe. | 5 
9. It is Qill a queſtion among chemiſts, whether the whole quantities of caloric 


contained in equal weights of different bodies, having the ſame temperature, be 


proportioned to the capacities of theſe bodies? It has been aſcertained, that in 


many chemical changes, caloric diſappears, is abſorbed, or becomes latent; while, 
in the converſe of theſe changes, preciſely the fame quantity of caloric reappears, 
is evolved, becomes 7ee or ſenſible. Thus, when a pound of ice at 329, is mixed 
vk a pound of water at 1679, the ice is liquefied, but the temperature of the 
mixture continues at 320; that is, ice abſorbs as much caloric in thawing, as would 
raife the temperature of an equal quantity of water 135% In the ſame manner, 
when water t 2122, is converted into ſteam, the ſteam abſorbs as much calorie 
without having its temperature increaſed by it, as would raiſe the temperature of 
an equal quantity of water 943, if the water were not convertible, at that tem- 
perature, into ſteam. But the capacity of ſteam for calorie, is greater than the 


— 


Seguin. M. Pictet propoſes to retain the expreſſion of ſpecific beat, which vn 
introduced by Lavoiſier and La Place, in the ſenſe in which Seguin has defined as 
pacity. But this language is in itſelf objectionable, and is apt to be confounded 
with the term ſpeeifi caloric, which has a very different meaning. It is to be ob- 
ferved, that Dr. Crawford's definition of capacity is either — = to any 
property of bodies which we are able to meaſure at preſent, or involves an inadmiſ- 
fible hypotheſis; and is therefore to be rejected. He defines the capacity of - 
body, to be that power in the body by which it collects and retains the ad, 
Beat; that is, the whole caloric of the body (page 7 and 8). But it is a melt 
Rypotheſis, that the whole caloric of a body is proportioned to that property of 
the hody which is meaſured in Dr. Crawford's experiments. - 

M. de Luc's definition of capacity differs both from that of Seguin and that a 
Dr. Crawford. Tranflating his peculiar language en the ſubject into that of jhe 
French chemifts, we ſhould ſay that he underſtands, by the different capaci#ic: d 
bodies, the unequal quantities of caloric contained in equal ſpaces, or in equal e. 
jumes of different ſubſtances, having the ſame temperature, (Idees fur la Mets 
x0logie, tom. . $ 154, 162, 297). | 


expacity of water, and the capacity of water is greater than the capacity of jee. 
Conſequently, more caloric will be neceſſary, to give water the temperature of 
429; than to give ice the temperature of 32; and more will be required to give 
ſtezm the temperature of 2129, than to gife water the temperature of 2120. ft 
may then be queſtioned, whether the whole caloric that diſappears in the melting 
of ict, and in the converſion of water into ſeam, has been abſorbed by the wa- 

ter and ſteam reſpectively, in conſequence of their change of capacity? Or, whe- 
ther ſome part of it his not been chemically united with the water and ſteani re- 
ſpectively, in ſuck a mannet as not to affect thtir temperatures? Pr. Crawford 
inclirted to the former of theſe hypotheſes; the French chemiſts are diſpoſed to 


admit the latter. | 
10. It is principally with the view of determining whether the ſpecific caloric 


of bodies be proportioned to their capacities, that the inquiry after the real ae, 


or point of total privation, has been purſued. It is taken for granted, in this in- 
gur y, that whenever caloric is abſorbed or evolved by a ſyſtem of bodies, the 
quantity abfotbed or evolved, has the ſanie ratio to tlie whole caloric exiſting in 
the ſyſtem after the experiment is concluded, which the difference between the 


| fortner and preſent cãpatity of the ſyſtem has to its preſent tapacity. An ex- 
| aniple wall illuſtrate the manner in which the real zero is calculated from theſe 


principles. When ice is converted into water, its capacity is increafed in the ra- 
tio of 9 to 10, according to Kirwan ; and as much caloric is abſorbed, according 


to La Place, as would be fufficient to raiſe the temperature of water 1350. Let ut 


ſuppoſe that the whole of this abſorption depends on the change of capacity in the 
ice; it will follow, that 1-1oth of the whole caloric contained in water at 320, is 
fuſficient to maintain the temperature of the water 1352; and, conſequently, the 
remaining g-roths will be able to maintaingits temperature, 135 K 9 = 12159. 
That is; the whole caloric contained in water at 329, is ſufficieht to communicate 
the temperature of 13500 to a body, having the ſame capacity with water ; and 
therefore the abſolute Zero, or point of total privation, as determined by oo cal. 
enlation, is 13280 below © of Fahrenheit's ſcale. 

When we confider the expanſive power of caloric, and its conſequent 8 
to the ſtate of equilibrium, it is evident that the real zero, or point of total pri- 
vation, mult be the ſame in bodies of every kind; and the preceding calculation 
will therefore conduct us, in every inſtanee, to the ſame point, provided the 
prinelples on which it is founded are juſt, and provided the neceſſary experi- 
ments have been made with accuracy. 

It is in this view, that the inquiry aſter the real zero, ſerves to aſcertain whe - 
thet the hypotheſis be true, that the ſpeciſit caloric of bodies is proportioned to 
their capacities. For, if different experiments ſhall, without exception, indicate 
the fame point, as the abſolute zero, it may be inferred that the hypotheſis in 
queſtion 1s juſt; and, on the contrary, if the concluſions from differcat experi- 


| mehts ſhall diſagree, and if theif differences be greater than what may be reaſon- 


&ly allowed for, on account of the difficulty of conducting expeximents of ſo 
kent nicety, it may be inferred, that the ſpecific caloric of bodies is not propor- 
tibned to their capacities; that the abſofption and evolution of caloric, in different 
proeeſſes, depend not entirely upon the changes of capacity in the ſubſtances em- 
ployed, but, in ſorhe meaſure, on the entrance of n into chemical n 
tiofl. 

The erpetimetits that have been Ritherto made, to aſcertain the real zero, are 
mt ſufficiently nitnerous, nor ſufficiently free from objections} to authoriſe either 
el the preceding concluſions, though they are infinitely more favourable to the 


M 
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latter than to the former. Seguin has given a ſhort account of them 1 in the th 
volume of the Annales de Chimie. Dr. Crawford has related his own experi. 
ments and thoſe of M. Gadolin, and has given a mathematical demonſtration of 
the principle on which the inquiry is founded. La Place has given, as uſual, a very 
- elegant and perſpicuous view of the queſtion. See Crawford on Animal He, 
and the Memoire ſur la Chaleur, par Lawoifier et La Place, in the p of the 
Memoirs of the Academy of Sciences for 1780. 

It. Dr. Crawford has publiſhed, in the Appendix to his Treatiſe on Animal 
| | Heat, a table of the comparative heats of different ſubſtances. This table is con- 
1 ſtructed on the ſuppoſition that the comparative heat, or ſpecific caloric of a body, 
| is proportioned to its capacity. But that ſuppoſition being gratuitous, not to fa) 
| improbable, Dr. Crawford's table of comparative heats, is nothing more than z 

table of capacities; and in that view, it is a valuable addition to the ſcience of 

caloric. 
12. The facts curſorily ſtated in , illuſtrate the doQrine of latent heat; and 
as much caloric being evolved during the condenſation of ſteam, and the congelz 
tion of water, as diſappears during the formation of ſteam, and the melting of 
ice, the principle laid down by La Place, and referred to by Fourcroy, in an after 
part of the text, is confirmed by them; but the hypotheſis of combined caloric, de- 
rives its plauſibility from a variety of ſources. It is impoſſible, in a ſketch of this 
kind, which is intended merely to explain the nomenclature of caloric, to give 
: that ſyſtematic view of the ſubject, which its difficulty, and its importance de- 
mand. A reference is therefore made to ſome of the moſt valuable works that re- 
late to the theory of combined caloric, Theſe are, the different Memoires by Lava 
ſier, publiſhed in the Memoires de  Academie Royale des Sciences, particularly one 
De la Combinaiſon de la Matiere des feu avec les Fluides Evaporables, et de la Forms 
tion des Fluides Elaſtigues Aeriformes, et une Memoire ſur le Combuſtion en General, 
both publiſhed in the volume for 1777; Reflexions ſur le Pblogiſtigue, in the volume 
for 1783; Une Memoire ſur la Cbaleur, par Lavoiſier et La Place, in the volume for 
1780 ; Elemens de Chimie, par Lavoiſier, tranſlated by Kerr; Methode de Nenn- 
elature Chymique, par M. M. Moreau, &c. tranſlated by Dr. Pearſon ; Les 0b 
ſervations des Chimiſftes Frangois, ſur I E de M. Kirwan, fur le Pblogiſtigue, tran 
ſlated by Nicholſon ; Dr. Crawford's work on Animal Heat; two eſſays by de- 
guin, Sur la Calorique, publiſhed in the 3d and 5th volumes of the Annales d: Chi. 
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mie; the firſt part of M. Pictet's Eſai ſur le Feu; part of the article Ar, in the : 
chemical parts of the new French Encyclopedia, by the celebrated Guiton, cidevant & , 
Morveau ; ſome obſervations which Berthollet has introduced into his excellent a 
work, Sur la Teinture, tranſlated by Dr. Hamilton; the article Feu, in De Luc's g 
Illes ſur la Meteorologie: Diſſertations on Different Subjefts in Natural Philoſophy, and l 
a Diſſertation en the Philoſophy of Light, Heat, and Fire, by Dr. Hutton of Rom | f 
burgh. 

. obſervation made by M. Humboldt wigs lead to uſeful inquiries on the th 
ſubject of etiolation. He found that ſeveral of the claſs cryptogamia, ſuch as the 5 
lichen verticellatus, puſh out green ſtalks, though placed 1 in mines, where the light : ; 
has no acceſs to them; and that ſeveral of the gramina, the poa annua and trift . 
lium arvenſe in particular, have green leaves, when growing in the galleries of cer x 

: tain mines, at the depth of 60 toiſes below the ſurface of the earth. Examining IE 
the air in theſe ſituations, he found that it was mingled with hydrogenous gas . 
(Journal de Phyſique for 1792.) It would ſeem, from this caſual obſervation, 8 


that the preſence of hydrogenous gas compenſates, to a certain extent, in vegeti* Hp 
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tion, for the abſence ef light. M. Ingenhouſz has alſo remarked, tnat when hy- 
drogenous gas is mingled with the air in which vegetables grow, the verdure of 
the latter acquires a much deeper ſhade. 


M. Humboldt mentions, in a ſubſequent letter to M. Crell, that he has had fre- 


quent opportunities of confirming the truth of the obſervations related in his for- 
mer letter, and that he had diſcovered another ſpecies of lichen in the mines at 
Marienburg, which had ramifications of a bright green colour. He had alſo 
found, that the cheiranthus incanus, and cheiranthus cheiri, placed in certain circum- 


ſtances, puſh out green leaves, without the preſence of light. He imputes theſe - 
ſingular phenomena to the hydrogenous gas uniting with the exceſs of oxygen, 


which he ſuppoſes to be preſent in etiolated plants, and to be the immediate cauſe 


of their etiolation. (Journal de Phyſique, Part 2d, for 1793.) 
e go far from caloric adding to the weight of bodies, it would appear, from an 


experiment very accurately related by Dr. Fordyce, that caloric diminiſhes the 


weight of the bodies into which it enters, as latent caloric. It was found in this 


| experiment, that 1700 grains of water acquired by freezing the additional weight 


of very nearly 1-I6th part of a grain. The water and ice were both weighed at 
the temperature of 32% (Philoſophical Tranſactions, 2d Part, for 1785). This 
experiment has been confirmed, in a very ſatisfactory manner, by Sir Benjamin 


Thompſon, Water was counterpoiſed with ſpirit of wine, and the apparatus was 


then placed in a low temperature, where the water was frozen, while the ſpirit of 
wine remained liquid. The water, as in Dr. Fordyce's experiment, became hea» 
vier, in conſequence of its converſion into ice. 

It is proper at the ſame time to ſtate, that, in a ſimilar experiment, Lavoiſier 
found no difference between the weight of the ice and water. 'The quantity of 
water which he made uſe of in this experiment was one pound, and it weighed 
preciſely as much before as it did after it 'was frozen. The balance he employed 
was ſenſible to the difference of 1-10th of a grain, when loaded with 18 or 20 
ounces, (Memoires de l' Academie de Sciences, 1783, page 419.) 

An attempt has been lately made by Dr. Higgins, to aſcertain whether the ca- 
loric emitted during the ſlaking of lime produces any ſenſible difference in the 
weight of the materials employed; but the experiment failed. (Minutes of the 


| Society for Philoſophical Experiments and Converſations, page 220.) 


d Since latent caloric appears, from Dr. Fordyce's experiment, to diminiſh the 


| gravity of bodies, there is reaſon to inquire whether free caloric has not a greater 


tendency to aſcend than to deſcend, M. Pictet has made ſeveral experiments to 
aſcertain this point, A cylindrical bar of copper was placed vertically within a 
glaſs tube, which was afterwards exhauſted of air, by means of the air-pump. 
The concentrated rays of the ſun were thrown upon the middle of the cylinder 
and the ſucceſſi ve dilatations of two mercurial thermometers, connected with its 
two extremities, were carefully obſerved. It was found, that, in the ſame times 
the mercury in the upper thermometer roſe to a greater height than in the under 
one; and, after the light was withdrawn, the under thermometer ſunk faſter than 
the upper one. EJJai ſur le Feu, chap. 2d. 

M. Pictet has publiſhed ſome experiments on the caloric produced by fric- 
tion. 

He had imagined that the exloele evolved by friction was obtained from a 
mechanical decompoſition of the air between the rubbing ſurfaces; but he found 
that the ſame degree of friction raiſed the thermometer ſomewhat higher in vacuo 
than in the open air. This difference was no doubt occaſioned by the greater 


conducting power and greater capacity of the air than of the vacuum; but ſtil 
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the experiment ſhowed that his firſt conjecture had been urifounded. In his * 


ſequent experiments, it appeared that more caloric was evolved by the friction of 


ſoft bodies againſt his friction-machine than when hard bodies were employed; 
and the ſriction of a ſmall quantity of cotton upon the bulb of his thermometer, 
increaſes the effect moſt remarkably. (Effai ſur le Fen, chapitre gieme). 

f The diffuſion of caloric among a fyſtem of bodies ſeems to depend on ty 
cauſes; on their reſpective capacities for caloric, and on their reſpective conduct 


ing powers. M. Pictet has illuſtrated the manner in whieh theſe caufes co-ope. 


rate, with ſingular perſpicuity, It is impoſſible to place the fubjedt in a cleatet 
point of view than by a free tranſlation from his work. 

Let us ſuppoſe a foeus, from which flows a conſtant and uniform Aireann of ci. 
loric ; and let us place at equal diſtances from this focus and connected with i 
by the ſame medium, a number of bodies, having the ſame nature, and the fame 
magnitude. Theſe bodies will be filled with calotic in the fame manner, their 
temperatures will riſe by ſimilar gradations, and will ceafe to rife, when the calo- 
ric they contain ſhall have acquired an expanſive power fufficient to refift the in. 
troduction of more caloric from the focus. But let us place at equal diſtanecb | 


from the ſame focus, a number of bodies, having the ſame weight, and differing 


in their nature, ſuch as a pound of water, a pound of glafs, # pound of mercury, 
&c. Theſe bodies will be filled with caloric as the former bodies werc, and they 
will arrive at length at the ſame common temperature, but in different times, and 
by diſſimilar gradations. This difference will depend on the combination of tuo 
cauſes. The one is, the different permeability of che bodies to caloric, or their dif 
ferent conducting powers, in confequence of which caloric will take a longer or 
ſhorter time to penetrate their ſubſtance. The other is, the different capacities of 
the bodies for caloric, in conſequenee of which they will Tequire unequal quanti- 
ties of free caloric to arrive at the ſame eommon temperature; that is, to the fats 
in which the free caloric of the whole ſyſtem of bodies tends to expand itſelf wi 
the ſame force. 

I. We have little accurate information refpecting the permeability of bodies to 
caloric. We owe to Dr. Franklin the obſervation, that the non-conduRors of 


electricity are alſo bad conductors of caloric, and that the beſt conductors of elec- 


tricity are alſo excellent conductors of caloric. We have examples of this analogy 
between the electrie fluid and caloric, in metals upon the one hand, and in glal 


and reſinous ſubſtances on the other. But this rule is liable to many exception. 


The common torricellian vacuum affords a ready paſfage to the electric fluid; bit 
Sir B. Thompſon found, that it was lefs permeable to calorie than atmoſpheric 
air, which itſelf is a very bad conductor of caloric. Sulphur and oils, which are 
non- conductors of electricity, are repreſented by Humboldt as among the beſt con- 
ductors of calorie. 

In order to conſtruct a table of the permeability of bodies to caloric, it would 
be neceſſary to know the times during which equal weights of different bodies 
acquire the ſame increaſe of temperature, when expoſed to equal calorific cauſes 
or ſuſtain the ſame loſs of temperature, when expoſed to equal cooling cauſes. 
It would be alfo neceſſary to know the capacities of the bodies for caloric. The 
conducting powers would be directly as the capacities, and inverſely as the times, 
when the changes of temperature were equal. But in the attempts that have 
been hitherto made to calculate the permeahility of bodies to caloric, the conf 
deration of their capacities has been uniformly negleRed ; and in many of Sir B, 
Thompſon's experiments, unequal weights of different ſubſtances were uſed, and 
PO attention afterwards paid to this difference in calculating the condudtive 
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owers. He makes, for example, the eondudting power of mercury: conducting 
l wer of water : : 1000: 313; but in the expetiments from whicki this eſtimate 


is taken, he had uſed equa} volumes of the wxtdr and mercury, and conſequently 
had communicated the fame increaſe of temperature to more than 13 times ag 


much matter in the one experimetit as in the ther. 


The following table of the conducting powers of different ſubſtances is taken 
from the JouPnul ds Phyſtyire, for October 1793. It is there giveit as the thanifa- 
tion from the German of an eſfay by Hithtboldt, off the Conducting Powers of 
ciffetert Bodies for Calorie, From the fort atrount prefixed to it it the out 
de Phyſique, it would appear to be defectide in this reſpe@, that the condn@aing 
powets of the fußftances WhiEh it contains hitve been Ealcihited Whkenk fegard to 
the differences of their capacities; but às it 8 the lateſt and mot comprehenſtus 
table of the Kind, it Has been thought the tif prope? fot fnſertiom. It is Neef. 
ſary to mention, that the eonductimg powers givett itt the table tefer to the fata 
e aud not t W ne aadowbaginn:- 1 enumerated, 


TABLE OF CONDUCTING POWERS. 


cn Media. = 6e, 
Torricellian vacuum 
Atmoſpherie air, detrfity 1 0.6614 
Rarefied air, denſity == t-24th 
Wood aſhes + - 1. 5 60 


dulphuric acid - . 7000 
Ruſt of ton - - 4.35000 
Copper : & 4 8. 5760 
Iron o ” 7-8076 
Braſs - - 8.3560 
Cow's milk — | 2.0590 
Vinegar - - 1 01 10 
Water - - r. deo 
Gold * FE 19.0400 
Morft air - - | 5 
Nittous acid - - 7.5%00 
Silver - — To. ooo 
Muriatie acid — E 3.7500. 
Calcareous earth = 2.3570 
Olive oil 1 3 0.9 130 
Tin * 8 7.2910 
Vc 's — 6.8620 
Oxyd of lead « 9.9400 
Antimony 4 "3M 6. 8600 
Alcohol ' £. « o.8150 
Lintfeed oi 6.9280 
Pitcoal — — I. oo 
Mercury — — 42 3.5860 
Lead - 3 1.4459 
Biſmuth - 8 9.8610 
Ellence of turpentine 0.7 920 


CotaBling 


Powbers. 
0. 1760 
6.2550 
0.2490 
6.7072 
0.7764 


0.3389, 


0.8970 
0.9430 
0.9430 
0.9727 
0.9900 
1. 000 
1.0504 
1.053 

1.0939 
1.2195 
1.2787 
1.3674 
1.5472 
1. 5410 
1.5455 


1.6474 


1.69 52 
2.0379 
2.0413 
2.4003 
1.97c0 
0.3138 
2.3534 
2.6752 


Autharities. 


Str B. Thempfot. (PL#, 
The fine. Trag, 1786. 


The fame. 
Humboldt. 
Richmann. (Comment. Acad. 


Petropol. 1752.) 


Humboldt. 
Mayer. (On the Lows art 
Dt od: Fficativs of ©. a gt ir. ) 


Humboldt. 


T hompſoni. 
Humboldt. 


Rickmann. 
Humboldt, 


Humboldt. 


Mayer. 


Richmann. 


Humboldt. 
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Conduing Media. 2 oy wy 8 Authorities, 
Sulphur - 1.8000 3.0358 Humboldt. 
Ice - - o. 9160 1.2130 
. r — - 13-5800 43.1948 Thompſon. 


II. The capacities of bodies for caloric have been ſucceſsfully inveſtigated by 2 


variety of chemiſts. The following table exhibits the principal concluſions reſult. 
ing from theſe experiments. But it is neceſſary, in the firſt place, to explain what 
is meant by the permanence of the capacities of bodies for caloric. 

The capacity of a body for caloric is faid to be permanent, while the ſame quan. 
tity of caloric that has raiſed its temperature any given number of degrees, conti. 
nues to be ſufficient to raiſe its temperature an equal number of degrees. The 
capacity of a body for caloric is ſaid, on the contrary, to increaſe, when more ca- 
loric is required to raiſe it a certain number of degrees than was required to raiſe 
it an equal number of degrees, when it had a different temperature; and the ca. 
Pacity is ſaid to decreaſe, when leſs caloric is required for that purpoſe. Dr. 
Crawford has made a variety of experiments on this ſubject. He found that the 
capacity of water is permanent from the freezing to the boiling point; and aſter- 
wards, making uſe of water as a ſtandard, he tried ſimilar experiments with mot 
of the metals and metallic oxyds. The general reſult of theſe experiments tended 
to prove, that the capacities of bodies, while they retain the ſame form, are not 
liable to be varied by a change of temperature. 'This concluſion is corroborated 
by the uniformity of the law which bodies obſerve in parting with caloric, when 
they are placed in a temperature inferior to their own. This law, firſt inveſtigat- 
ed by Sir Iſaac Newton, and ſince corrected and tried experimentally by Martine 


and Muſſchenbrock, ſhows, from its application to the cooling of different bodies, 


that the capacities of theſe bodies are either permanent, or, if they change, that 
the changes are preciſely ſimilar in all of them. 

But theſe experiments embrace only a ſmall number of natural bodies; and Dr. 
Crawford's in particular were neceſſarily confined to a mere point in the ſcale of 
temperature. It is, therefore, departing from the ſtrictneſs of induction to con- 
clude, as Dr. Crawford has done (p. 65.), that the capacities of all bodies are per- 


manent at all temperatures, provided they do not change their form. We have, 


indeed, the moſt complete proof that this principle is not to be received without 
many limitations. The capacity of air is increaſed by mechanically expanding it, 
and diminiſhed by mechanically condenſing it. (Pictet ſur le Feu, $ 16. and Dar- 
win's Frigoric Experiments on the Mechanical Expanſion of Air, Phileſopbicat 
Tranſactions for 1788.) Mr. Wedgwood's clay thermometer has its capacity for 
caloric diminiſhed one-third, when burnt to 120 of his ſcale ; and as it loſes in 
weight, during this operation, little more than two grains on a pound, while its 
volume is reduced one-half, the diminution of capacity muſt be attributed to its 
condenſation. Theſe facts prove deciſively that the capacity of a body may be 
changed without any change of form; and the free caloric evolved from ſo many 
bodies by friction and attrition, while its production is illuſtrated by theſe obſer- 
vations, ſerves at the ſame time to multiply the examples of a change in the capa- 
city of bodies without a change in their form. (Mr. J. Wedgwood's Paper on 


the Light produced by Attrition, Philoſophical Tranſactions for what ) It is pro- 


This eſtimate of tl the conducting power of mercury is not in Humboldt s table, 
but is calculated from Sir B. Thompſon' s experiments. It is unneceſſary to point 
out how much it differs from Mayer's eſtimate. 


— om 


NOTES ON CHAPTER V. © 187 


7 e 5 — 8 . r "I's ae * ee "ff — - 
. 4x C a — > = 

* - 

— . a 


. 2g _ 
FF * 


per to mention, that Lavoiſier and La Place, in their Memoires ſur les Chaleur, had 
called in queſtion, upon very plauſible grounds, the ſuppoſed permanence of the 
capacities. Reaſoning from the known effects of ſuſion and evaporation upon the 
capacities, they ſuggeſted, as extremely probable, that the capacities would alſo 
vary with the degree of dilatation, and poſſibly according to a different law for 
every different body. Subſequent obſervations ſeem to juſtify their conjecture | j | 
with reſpect to many bodies at leaſt. 7 1 
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TABLE OF CAPACITIES. 


Authorities. | 4 1 
Hydrogen gas - . | 21.4000 Crawford. 1 F L 
Oxygen gas , 3 1 
Atmoſpheric air - - 1.7900 ) #, | 
Steam or aqueous vapour — — 1.5500 1 i f 
Carbonic acid gas — — 1.0454 } a 
Arterial blood — — 1.0300 1 
Water - - - I. OOO 1 | 
Cows milk 5 — 2% 9999 1 
Venous blood — - 8928 
* Azotic gas - - - 7936 
Hide of an ox with the hair - - 7870 
Lungs of a ſheep - - 7690 
Muſcular fleſh of an ox - +7 400 
Alcohol - = | - .602T 
Rice — - - 5060 
Horſe beans = - 5020 
Spermaceti oil - - 5 * 5000 
Fruit of the pine tree 2 - 5000 
Peaſe - "7 - 4920 
Wheat - - — 4770 
Barley - - - +4210 
Oats - - - +4160 
Sulphuric acid - - — 4290 
Pitcoaa! . | — 2771 
Charcoal — — . 2631 
Chalk = - - 2564 
Ruſt of iron 3 33 * 2500 
Waſhed diaphoretic antimony -- 2327 
Oxyd of copper nearly freed from ai 2272 
Quicklinge - — 2229 
Cinders - - - 1923 
Aſhes of pitcoal — — 1855 
Ruſt of iron nearly freed from air - .1666 
Waſhed diaphoretic antimony do. + 1666 
Aſues of elm wood — - 1402 
Oxyd of zinc nearly freed from air - 1369 
Iron - | BE 1 1269 
1 Brass i Ws 4 — 1123 
: Copper - „„ - 1111 
t White oxyd of tin almoſt free of air - 0990 | 
nn - Ry 0943 ; i 
{ ! 
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Zinc — . - - 0943 Anthotttler, 
Aſhes of charcoal — - — O9og Crawford, 
Tin - | - 5 ©7084 - | 
Yellow oxyd of lead alitoft free 6f air - 068 
Antimony - — - 6645 
Lead « 3 - - 3523 | 
Snow - - — 9000 Magellan. 
Ice - * - | _ 9160 Humboldt. 
Bar-iron — 3 199 Lavoiſier and 
Rock=ttryftal | - - 1929 La Place. 
Mercury - - - .0290 | 
Quicklime „ — 2168 
Mixture of 9 parts of water with 16 of A 4391 
Sulphuric acid, having the ſp. gr. of 1.87 +3345 
Mixture of 4 parts of this acid with 3 parts of water 6031 
Mixture of 4 parts of the fame acid with 5 of water 6631 
Nitric acid, having the fp. gr. of 1. 29895 6613 
Mixture of 93 of this acid with 1 of quicklime 6189 
Mixture of 1 part of the nitrat of potaſh with 8 

parts of water - - 8167 
Sulphur 5 - - 1930 Kirwan, 
Lintſeed oil - > „ +5280 
Cryſtallized muriat of foda „„ 216 Gacdolin. 
Saturated ſolution of muriat of ſoda in water (con- | 

taining 372 parts of the falt to 1000 parts of water) 793 ' 


5 Dr. Hutton of Editiburgh, has lately pointed out a new principle in the t- 
tion of light, conſidered as a power influencing the temperature of bodies; and 
has applied this printiple to the explanation of various phenomena, (Diſſertation 
on the Philoſophy of Light, Heat, and Fire, 1794). The following is a ftott 


- abſtract of his ſpecultioies upon that ſubject. 


1. He obſerves, tht the efficacy of the different ſpecies of light, in raiſing the 
temperature of bodies, is not proportioned to their action upon the fenfe of v. 
ſion. The influence bf the red light, from a fire of coals, and of the white light, 
from flame, upon the thermometer, were compared together, When the intenfty 
of their action upon the organ of ſight, was apparently the ſame, it was found 
that the effect of the ted light upon the inſtrument, was incomparably greater 
than that of the white Rght. | 

2. When bodies are heated to incandeſcence, they emit light, in Which the 
white er compound ſpecies pre vails; but, as their temperature diminifties, the 
light gradually becomes of the red ſpecics. It would appear, from this obſerra- 
tion, that the light etaitted- from bodies, while they paſs from the flate of in. 
eandeſcence, to the coimon temperature of the atrioſphete, has its power of es. 
citing viſion diminiſtec f in a greater ratio, than its power of itffuericirig tettipe- 
rature. 

3. When the lighit cinftted from à body, ceaſe to he viſible, we lte nor to con- 
clude that the body ècafes to radiate light. The fact proves no more, but that 
the light radiated, & unable to excite our fenſe of viſion. This light emitted 
from bodies, without affecting ſenſibly the * of ſight, is called by Dr. Hut- 


ton, obſcure or inviſi ble light. 


4. We have ſeen that the light emitted from bodies, as they paſs from the fate 
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of incandeſcence to the common temperature of the atmoſphere, has its power of 
exciting viſion diminiſhed in a grater ratio, than its' power of influencing tem- 
perature. It may therefore happen, that our obſcure or inviſible light ſhall ſtill 
retain the power of ſenſibly influencing temperature ; and this ſuſpicion will be 
confirmed, if we find that a ſubſtance exhibiting the diſtinctive properties of light 


is radiated from a body of elevated temperature, but not luminous ; and if we 


find that this radiated ſubſtance is capable of railing the thermometer. But this 
is preciſely what happens in the experiments made by gauſſure and Pictet. Two 
concave mirrors are placed oppoſite to one another, at the diſtance of many feet, 
the bulb of a thermometer is in the focus of the one, and a glafs matraſs, filled 
with boiling water, or an iron bullet, heated ſo as to be juſt not viſible in the 
dark, is placed in the focus of the other. A fubſtance is radiated from the ma- 
traſs or iron bullet; it paſſes with incaleulable velocity through the air; is re- 
Refted from the mirrors, and concentrated according to the laws of light, and 
then influences the thermometer placed in the focus, according to the degree of 
its concentration. | 

5. It is ſuppoſed by Sauffure and Pictet, that the fubſtanee radiated in theſe 
experiments, is not any ſpecies of light, but what Lambert and Sauffure calls ch 
leur obſcure ; that is, caloric unaccompanied with light ®. But the properties of 
this radiation, its velocity and reflexibility, identify it with light, while they are 
inconſiſtent with the flow diffuſion of caloric, and with the known diſpoſition of 
caloric to be arreſted by the bodies through which it paſffes, or with which it 
comes into contact. An experiment made by M. Pictet, $ 54, ferves to confirm 
this reafoning. He blackened the bulb of his thermometer, and found that it was 
then more ſpeedily influenced by the radiation than before, and that it rofe to a 
greater height. But it is notorious, that black ſurfaces abſorb light more power- 
fully than white ſurfaces do, and have their temperature more confiderably af- 


fecdted by it. | 


6. It may be urged, in objection to this concluſion, that if we fuppofe the ther- 
mometer dilated by the reflected and concentrated light, why ſhould not that 
light be rendered viſible by the concentration? Dr. Hutton cenceives that, fince 
the peculiar efficacy of this light, in affecting the temperature of bodies, muſt de- 
pend on its greater aptitude to combine with them, this fame difpofition for com- 
bination, wilt diſqualify it from appearing as light. At the fame time, he leaves 
to experimentaliſts to determine how far this ſpecies of light, after having once 
diſappeared to our ſenſes, is incapable of becoming again viſible ; unlefs the tempe- 
rature of the body with which it has combined, be raifed to the degree of incan- 
deſcence, in which cafe it may poſſibly be emitted from the body, as viſible light, 

7. Taking it for granted that the emanation which affects the thermometer in 
theſe experiments, is invifible light; we learn, from the fame experiments, com- 
po with others made by Marriotte and Scheele, that this invifible ſpecies of 
icht is much abſorbed in paſſing through a glaſs lens, while it is but little dimi- 
niſhed, in being reflected by a metallic ſurface. 1 

8, Dr. Hutton afterwards proceeds to analyſe Mr. Pictet's curious experiment 
of apparently reflected cold; Pictet ſur le Feu, 5 69, 71.; Hutton's Philoſophy 
of Light, &c. page G7, 100. It will be unneceſfary to abridge this part of hig 


nt. 


Dr. Hutton affeRts to conſider the expreſſion of cbaleur obſcure, as either unin- 
telligible, or manifeſtly inapplicable to the emanation in queſtion ; but it is plain 
that Sauffure underſtands by that term, caloric unaccompanied with light, in con- 
tradiſtinction to chaleur lumineuſe, calarie accompanied with licht- 
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work; for, although his obſervations on the phenomena of that SPY experi. 
ment appear to be exceedingly juſt, and his doubts reſpecting the courſe of the ra. 
diation to be founded on the moſt ſolid grounds, yet he has left the ſubjeR in a fate 
of confeſſed uncertainty ; having merely pointed it out, without having performed 
any of the experiments neceſſary for its elucidation. 

9. In the courſe of his obſervations on this experiment, he is led to propeſe an 
A reſpecting inviſible light, with the account of which we ſhall conclude 
the preſent article. He ſuppoſes that bodies are conſtantly radiating iuviſible light, 
in proportion to their temperatures; and that this inviſible light falling upon 
other bodies, raiſes their temperature, or is reflected by them, according to their 
reſpecti ve natures. At the ſame time, the ſenſible heat of bodies (the free calo- 
Tic) is always tending to equilibrium, according to the laws of its diffuſion, and 
in conſequence of the mechanical operation of the elaſtic fluids conveying it from 
place to place. From the combination of theſe cauſes, the temperature of bodies 
is always tending, on the one hand, to equality; and this perfect equality is, on 
the other hand, prevented from actually taking place, by the different diſpoſi. 
tions of bodies to abſorb inviſible light, and to have their temperatures affected 
by it. Dr. Hutton applied this theory to explain M. Pictet's experiment, and at 
the ſame time ſuggeſts an experiment, by which he conceives the truth of his own 
theory may be confirmed, or its fallacy diſcovered. It may be worth while to 
add, that M. Prevoſt of Geneva, has publiſhed ſome ſpeculations, extremely ana- 
logous, in many reſpects, to Dr. Hutton's views upon this ſubject; with this dif- 
ference, that what Dr. Hutton calls inviſible light, M. Prevoſt, conformably to 
Sauſſure's opinion, terms chaleur rayonnante. Recherches n PEO 
fur la Chaleur, 1792. 

u It is impoſſible for chemiſts, in the preſent ſtate of their ſcience, to decide, 
whether the light emitted during combuſtion, be derived principally from the com- 
buſtible body, or from the oxygenous gas? For it ſeems improper to derive it ex- 
cluſively from either, when there is reaſon to believe that it enters into the com- 
poſition of both. 

It muſt be confeſſed, indeed, that the evidence for light being a conſtituent part 
of oxygenous gas, is far from being unexceptionable. The. principal argument is 
taken from the ſingular influence of light, in ſeparating oxygen from its combina- 
tions, and making it aſſume the ſtate of oxygenous gas. Light diſengages oxyge- 
nous gas from the nitric acid, from the oxygenated muriatic acid, and from the 
oxyds of ſeveral metals. But in theſe, and many ſimilar inſtances, does the light 
combine with the oxygenous gas? Or, does it unite with the ſubſtance from 
which the oxygen is ſeparated ? There is no fact in chemiſtry that will enable us 
to decide between theſe two hypotheſes; and thoſe chemiſts who, with Fourcroy, 
regard light and caloric as two ſubſtances eſſentially different, have abſolutely no 
reaſon for inclining to the one hypotheſis, in preference to the other, 

The exiſtence of light, as a conſtituent part of combuſtible bodies, 1s proved i in 
the moſt ſatisfactory manner, by the experiments of Deiman, Pacts, Van T rootſ· 
wyck, &c.; Recherches Phyſico-Chymiques. Theſe chemiſts expoſed a mixture 
of ſulphur and zinc to a high temperature, without any ſubſtance being preſent, 
from which they could derive oxygen. At the inſtant when the ſulphur and Zinc 
formed a ſulphure, there was a vivid emiſſion of light; and when the materials 
were afterwards examined, it was found that no oxydation had taken place. This 
experiment ſucceeds with other metals, beſides zinc; ſuch as copper, tin, lead, 
and faintly with iron. It has been tried with equal ſucceſs in vacuo, above mer- 


cury, and in hydregenous, azotic, and carbonic acid gaſes. 
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It has been for a 1 time a deſideratum in chemiſtry, to voſſeſs a method of 
meaſuring the quantity of light emitted from bodies in the ſtate of combination. 
Count Rumford has publiſhed in the Philoſophical Tranſactions for 1794, the de- 
' ſcription of a very ſimple inſtrument, which he has contrived for this purpoſe. 
The following are the en reſults of his experiments 1 this inſtrument, or 
photometer, 

The tranſparency of air is ſo great, that the diminution which light ſuffers i in 
paſſing through 16 or 18 feet of air, is not perceptible with this inſtrument. 

Somewhat leſs than 2-Ioths of a beam of light are loſt in paſſing through a 
pane of fine, clear, tranſparent, well poliſhed glaſs, ſuch as is commonly made 
uſe of in the conſtruction of looking glaſſes; ſomewhat more than 3- ĩoths are loft 
in paſſing through two panes of ſuch glaſs; and about I2-1ooths, in paſſing through 
a pane of thin colourleſs window glaſs. The light fell perpendicularly upon the 
glaſs in theſe experiments; but the loſs was very little greater in Putin inci- 
dences, provided the angle of incidence did not exceed 400 or 500. 
some hat more than - 3d of a beam of light was loſt by reflection from a very 
excellerit glaſs mirror; and about 46-100ths, from a common looking glaſs. The 
angle of incidence was 489, and the reſult was not n affected by increaſing 
the angle to 859. 

Count Rumford has collected, in the following table, the reſults of his experi- 
ments on combuſtion. It is to be obſerved that each of the undermentioned ar- 
ticles is ſuppoſed to afford the ſame quantity of light; the table denoting how 


much of each muſt be arne ſor that purpoſe. 


Equal farts 
1 in weight. 
Bees wax, A good wax candle, kept well ſnuffed, and _— 10 12 
with a clear bright flame, 100 
Tallow. A good tallow candle, kept well mulfed, ** ria __ 
with a bright flame, - - 0 
The ſame tallow candle, burning very dim, fer want 
of ſnuffing, - - - 229 
Olive oil. Burned in Argand's lamp, — Bert 110 
| The ſame burned in a common lamp, with a clear 
| bright flame, without ſmoke, - = I29 
Rape oil. Burned in the ſame manner, - 4 125 
Lintſeed oil. Likewiſe burned in the ſame manner, - 100 


Count Rumford concludes his Paper with an account of ſome experiments on 
the tranſparency of flame ; from which it appears that light ſuſtains no ſenſible 


diminution, in e of paſſing ſucceſſively through the flames of ſeveral 


candles. 
i Foureroy is not correct in ſaying that all mineral ſubſtances are dilated by 


caloric. The minerals that contain a large proportion of aluminous earth, afford 
a ſtriking exception to the general rule. The phenomena which attend the ex- 
poſure of thefe ſubſtances to intenſe fires, are deſcribed minutely by Mr. Wedg- 
wood, Philoſophical Tranſactions, Part II. for 1786. x 

The conſtruction of Muſſchenbrock's pyrometer is deſcribed in his Tran/ation 
of the Experiments of the Academy del Cimento, Leyden, 17 31, and in Deſagulier's 
Experimental Philoſophy, vol. x. p. 421; and a pyrometer of a new conſtruction, 
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by which the expanſion of metals, in boiling liquids, may be examined and com. 
pared with Fabrenheit's thermometers, is defcribed in 2ufſchenb, n ad Phjh. 
foph. Natural. to, 1763, vol. 2. p. 610. 
Mr. Ellicott's improved pyrometer is deferibed in the Philoſophical TrexſaSiing, 
No. 443 Mr. $mecaton's pyrometer, in the 48th wolume ; De Luc's, in the 68th 
volume; and Mr. Ramſden's, in the 65th volume, p. 461, of-the ſame works, 
| Mr. Ferguſon has alſo contrived a pyrometer, which is deſcribed in the Supple- 
ment to his Lefures on Mechanics. 
I 4 | | 1 The diminution of temperature produced by evaporation, had been obſerved 
THEE | by Mairan (Diſſertation fur Ja Glace, edition of 1949), and accurately deſcribed 
it I! dy Richmann (Neva Comm, Acad. Pciropolit. ad ann. 1947 and 1748, page 284); 
Fre but was fir referred to its proper cauſe by Dr. Cullen, Eſſay on the Cold pro- 
duced by evaporating Fluids. 
1 | in the 98th volume of the Philoſophical Tranſactions, Dr. Darwin has related 
1 ſeveral experiments, to prove that a diminution of temperature takes place whey 
| the air is mechanically expanded; and converſcly, that the temperature riſe 
4 when the air is condenfed. He has applied this dorine with great ingenuity to 
R explain a variety of curious phenomena. Dr. C had obſerved that a ther 
| mometer ſuſpended in the receiver of an air pump, finks always two or three de- 
| F grees, while the air is exhanſted. 
484 m he attention of chemiſts was for ſome time drawn from the hypotheſis of Mac- 
| 5 1 quer to the very ingenious defence of the doctrine of phlogiſton by Mr. Kirwap, 
1 7 | | According to this philoſopher, phlogiſton, or the inflammable principle, may exiſt 
(FRF g in two different ſtates; Iſt, Combined, as in all bodies ſuſceptible of combuſtion. 
1 7 | | ; adly, Free and iſolated, as in inflammable air. Beſides the evolution of light and 
: 


Heat, combuſtion, therefore, is ſuppoſed to conſiſt in the union of this inflamma- 

75 1 | ble principle with oxygenous gas, and in the confequent generation of carbonic 

WT bt. s acid. A full account of this hypotheſis, which the author has fince fo candidly 

| FF retracted, may be ſeen in the laſt edition of Kirwan's Eſſay on Phlogiſton, a wart 

which, in addition to the original matter of the author, contains fome very inte- 
reſting notes by M. M. Mor veau, Lavoifier, De la Place, Monge, * and 
Fourcroy. 

The hypotheſis of Macquer has of late been reviycd with ſome ſlight altera / 
tions by Richter, Gren, Lichtenberg, and others in Germany. Phlogiſton, or 
the inflammable principle, according to the firſt of thefe chemiſts, is merely the 
baſis of light united to combuſtible bodies. In combuſtion, this baſis is diſengaged, 
and, uniting with a portion of caloric, produces the tight or flame which uſually 
accompanies that proceſs. The combuſtion of any inflammable ſubſtance, pho£ 
phorus for inſtance, is, therefore, to be conſidered as the effe& of a double affinity 
The baſe of the oxygenens gas, unites with the phoſphorus to form phoſphoric 
acid, while a portion of the calorie, Aiſengaged ſrom this gas, unites with the 
phlogiſton, or baſis of light, to produce flame. 

The varieties which occur in the quantity of light emitted by different bodies 
and in the colours which it exhibits, are ſuppoſed to depend on the quantity ol 

 phlogiſton contained in theſe bodies, and on the proportions in which it is united 
to caloric. See Critique des Antiphlegiſchen Gyflemes won FJ. B. Richter, 8. 48. Breßs. 
lau, 1793. Syſtematiches Handbusk des Chemie von F. A C. Gra. Er. T5. S. 177. 
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Halle, 1794. 
Dr. Hutton of Edinburgh has publiſhed a new ende of the phlogiſtic 
doctrine, together with ſeveral objections to the French theory of corbuiiod, | : 


3 N 
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The following is a ſhort enumeration of his principal concluſions upon theſe ſub- 


ts. | 
5 1. The caloric, which becomes free by combuſtion, did not previouſly exiſt as 


latent caloric, either in the oxygenous gas conſumed, or in the combuſtible body. 

2. The immediate effect of combuition is the diſengagement of light, and this 
light produces free caloric, by its action, in the bodies upon which it is incident. 
ro uſe Dr. Hutton's own language, * it is not heat which is the cauſe of light in 
« fire, but it is the light of fire which is then the cauſe of heat.” - 

3. The light which is diſengaged during corabuſtion, previouſly exiſted in the 
burning body in the ſtate of phlogiſton. This phlogiſton is a peculiar modiſica- 
tion of the ſolar ſubRance, exiſting in combuſtible bodies, and diſtin from any 
modification of heat. It neither adds to the weight of bodies, nor does it ſeem, 


| like latent caloric, to impair their weight. It communicates ductility and ſplendor 


to the metals. It is ſeparated from its union with gravitating matter during com- 
buſtion, and appears in the form of light. It is formed in plants during the pro- 
ceſs of vegetation, and may be transferred ſrom one body to another. See Diſſr- 
tations on Different Subjects in Natural Phiigſophy, and DiſJertation upon the e 
of Light, Heat, and Fire, by James Hutton, M. D. 

It would be an endleſs, as well as uſeleſs taſk, to enumerate all the different mo- 
difications of phlogiſton which have been propoſed by the partizans of that doc- 
trine, fince Lavoiſier firſt ventured to queſtion its exiſtence. Thoſe readers who 
will take the trouble to peruſe all the different writings on this controverſy, will 
immediately perceive that no two chemiſts are agreed with regard to the preciſe 
nature and properties of this principle, and that it is merely for the name, and not 
for the thing, that phlogiſtians now ſo eagerly and fo obſtinately contend, 

{t would be eaſy to illuſtrate the- truth of this remark, by a reference to the 
writings of Prieſtley, Kirwan, Wiegleb, La Methrie, Macquer, Richter, Gren, 


Hutton, &c. ; but this reference is unneceſſary. Stahl is univerſally allowed to have 


been ignorant of the principal phenomenon that occurs in every inſtance of com- 
buſtion; and does it not ſeem ſtrange, that we ſhould adhere tenaciouſly to the 
theory which he invented to explain that proceſs, that we ſhould ſtill continue to 
uſe the language of a ſyſtem now ſo avowediy defective? 

The theory of Lavoiſier, if we may give to it that name, is merely a ſimple re- 
htion ef facts. Unable to diſcover the ſource from which the light is derived in 
combuſtion, that philoſopher, in his Elements of Chemiſtry, has taken care not to 
mix any hypotheſis concerning it, with the facts he had fully aſcertained by expe- 
riment, Whether future diſcoveries ſhall ſhow, that heat and light are modifica- 
tions of the ſame ſubſtance, or that they are eſſentially different from each other; 
whether the whole of the light diſengaged in combuſtion, fhall be found to come 
{rom the oxygenous gas, or from the combuſtible body, or partly from both, the 
theory of combuſtion, as eſtabliſhed by Lavoiſier, will remain unalterably the ſame. 
Diſcoveries with regard to the origin and nature of light, can only tend to widen 
and to ſtrengthen its baſis. 

* Rock-cryſtal is not quite ſo refractory in the fire, as repreſented by Four- 
croy. Lavoiſier placed a ſmall piece of it within"red hot charcoal, and'expoſed it 
to a ſtream of oxygenous gas. The rock-cryſtal crackled and ſplit, its angles 
were 2 little blunted, and it had ſome appearance of ſoftening. After it cooled, 
i: was found to have loſt its tranſpar- ncy, in conſequence of the ſoparation of its 
laminæ, by the force of the fire. Tem. de VAcad, 1783, page 566, Profeſſor 
Lrthmann has ſince fuſed rock-cryltu by a flame; urged with a ſtream of oxyge- 
nous gas. Nicholſon's Dictionary of Chemiſtry, page 278. 
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o Theſe aſſertions are proved by experiments, the particulars of which are tg bo 
found in a variety of works: in the 1ſt volume of de Luc's Ide ſur 1; 
Matcorologie, and in his Recherches ſur les Modifications de I Atmoſphere ; in the Mes 
moire of Lavoiſter and La Place, Sur la Chid ur; in Seguin's Obſervations on Ca- 
loric, publiſhed in the 3d volume of the Annales de Chini: ; in Crawford's Treatiſe 
on Animal Heat; in the Aula Suecica for 1772; in Magellan's my on Fire; in 
M. Pictet's Eſſui ſur le Feu, &c. &c. 

P In the proſecution of theſe and many ſimilar objects of inquiry, it is s neceſſary 
for chemiſts to have it in their power to produce very low degrees of temperature, 
1 This may be done by frigorific proceſſes, during the warmeſt weather of ſummer, 
| a | | h An account is given in the Philoſophical Tranſactions for 1787, 1788, and 1789, 

— 1 of ſome very economical, and, at the fame time, very powerful frigorific mix. 
| tures, 
| 4 This ſeems the proper place for obſerving, that the mercurial thermometer is 
14 an accurate meaſure of temperature. It is found that the dilatations and condenſa- 
1 tions of the mercury with which it is filled, are very nearly proportional to the ca- 
joric which it receives, or which is taken from it. This fact was aſcertained by 
' M. de Luc, and his experiments have been repeated with great care, by Dr. Craw- 
tt | | ford; and ſimilar reſults obtained, or rather reſults more favoarable than De Luc's, 
i to the juſtneſs of the mercurial thermometer, as a meaſure of temperature, Sec 
7 'F3 Crawford's Treatiſe on Animal Heat, page 18—53. ” 
169 Martine has given directions for the conſtruction and graduation of thermome- 
| . ters. See Eflays, Conſult, for the ſame purpoſe, the Philoſophical Tranſactions 
of London, volumes 66th and 67th ; De Luc's Recherches ſur les Modifications de 
I Atmoiphere, and Nicholſon's Dictionary of Chemiſtry, | 
Martine may alſo be coniulted for a comparative table of the different ſcales, ac- 
cording to which thermometers had been conſtructed previous to his time. Fah- 


» 
8 h 
y n > 
LEN 


20 - _— « 977+ 
Ks — = q 2 £47 


is qu. Wer” Ih 
3 
* = 
2 
nn 
* 


ere. 


—_— ——_ 2 e 


* . 


— * 
— 


0 » * I 


r 


1 f | | renheit's ſcale is generally uſed in Britain, Reaumur's in France. One degree of 
i . Fahrenkeit's ſcale = 4-gths of a degree of Reaumur's, z= 5-9ths of a degree of 
+ j ; $S Celſius 

; bf j ; r Mr. Wedgwood's clay pyrometer is deſcribed i in the 72d volume of the Phi- 
7 | 113 loſophical Tranſactions , and additional obſervations on its cenſtruction and uſe 
i | are contained in the 74th and 96th volumes of the ſame collection. E 
15 1 The following is Mr. Wedgwood's table of the changes experienced by various 
fl ; ſubſtances, at different degrees of temperature, expreſſed according to his ow!, 
1 F#+ and to Fahrenheit's ſcale. 


1 
| { | : ; 5 Mecgrucod's Scale. Fahrenhci!'s Scat, 
1 ö f I. Extremity of the ſcale of Wedgwood's 
f þ | : pyrometer, - - IS. 240? 32277 
„ [ | Higheſt temperature of his ſmall air- 
4 ! g | furnace, about 8 inches ſquare, - 160 | 21877 


; Caſt iron meits, DO 130 17977 
Higheſt temperature of a common 

ſmith's forge, 3 125 T7327 

Welding temperature of iron, greateſt, 95 13427 

R a a — ct, 90 12777 

Fine gold melts, - - + | 5237 

Fine ſilver melts, - 28 4717 

Swedil copper melts, — - 27 „ 

Braſs melts, | n _ — | 3809 
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Wedgwood's Scale. Fabrenbeit's Scala 

Temperature atwhich Mr. Wed gwood's ; 

enamelled colours are burned on, 6⁰ 1357 
Red heat fully viſible in day light, o 1077 
Red heat fully viſible in the dark, dk 945 
Mercury boils, — by —3.673 600 
Water boils, = 5 —6.658 2 
Medium temperature of man, 257.542 * 
Water freezes, - ED | _— Ya ph. 
Proof ſpirit freezes, LF 5 8.289 5 
Mercury freezes, about 5 —8.596 . 
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Mr. Nicholſon, in his Dictionary of Chemiſtry, has given a very full 9 
ol the two firſt of Mr. 6 Papers. 
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CHAPTER VI. 


CONCERNING ATMOSPHERICAL AIR. 


Common air is an inviſible, inodorous, inſipid, gravitating, elf. 
tic fluid, eaſily put in motion, capable of rarefaction and con- 
denſation, which ſurrounds our globe to a certain height, and i; 
called the atmoſphere. It penetrates and fills up the interſtices 
or pores which exiſt among the integrant particles of bodies. The 
atmoſphere i is far from being entirely compoſed of pure air, 4; 
it receives all kinds of vapours that riſe from the earth, it may be 
conſidered as a chaos, whoſe parts are very difficult to be known, 
We ſhall ſee, however, that this inquiry has been proſecuted 
with conſiderable ſucceſs. Water, mineral exhalations, and the 
elaſtic fluids diſengaged from vegetables and metals, are continy- 
ally riſing into the atmoſphere, and conſtitute, as it were, its dif- 


ferent elements. The hiſtory. of the atmoſphere conſiſts of that 


of its height, which is not yet aſcertained with preciſion of 
the changes it experiences in weight; of its ſeveral ſtrata; of 
the effects of its rarefaction and dilatation ; of winds, and of 
meteors. All theſe objects belong to that part of natural phile- 
ſophy which 1s called meteorology, and does not come within our 
intended limits : But as the air has a ſingular influence on al 
chemical phenomena, and it cannot but be of. conſequence to 
know in what reſpects this is exerted, we ſhall here pay ſome 
attention to its phyſical, as well as its chemical properties. 


$ I. Concerning the Phyſical Properties of Common Air. 


We regard the fluidity, its inviſibility or extreme tranſparency, 
its want of taſte or ſmell, its gravity and its elaſticity, as the phy- 
fical properties of air. Each of theſe requires to be attended to 
ſeparately. 

The rarity of the air is ſuch, that it eaſily yields to the ſmalleit 
impulſe, and is diſplaced by the ſmalleſt motion of bodies in- 
merſed in it. The rarity and fluidity depend on its peculiar ſtate 
of aggregation z and as the ſame ſtate is found in other ſubſtances 
not of the ſame nature as the air of the atmoſphere, ſuch ſub- 
ſtances are termed aeriform fluids or gaſes. It is the diſtingwil 
ing critcrion of this ſtate of aggregation, that bodies poſſeſſing i 
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40 not aſſume the ſolid ſtate by mere cold, as moſt liquid fs 
ſtances do; that is to ſay, we are unacquainted with the preſſure 
or degree of refrigeration capable of rendering them ſolid z and 
this is the character of permanent gaſes. The fluidity of the 
ir renders it ſuſceptible of thoſe frequent and rapid motions of 


its parts, which are called winds, It is not, however, of that 


ſubtlety, as to paſs through the pores of many bodies. Tranſ- 
parent ſubſtances, through which light paſſes with extreme faci- 
lity, are not penetrable by air. Water, ſaline ſolutions, oils, and 
ſpirit of wine, paſs through a great number of bodies, whoſe 
texture is not penetrable by air *. It has not that property by 
which liquids infinuate themſelves into the pores of certain bo- 
dies, and cauſe them to expand. | 

Air included in . veſſels is perfectly inviſible. It is not at 
all diſtinguiſhable from the glaſs which contains it, and though 
it fills the veſſel completely, it exhibits to the eye the appearance 
of a vacuum. Its tenuity, and the great facility with which it 


ſuffers the rays of light to paſs through its ſubſtance, are the 


cauſe of this; it refracts the light without reflecting it. It is 
conſequently colourleſs, though ſome philoſophers have thought 
its large maſſes were blue +2. 

The air has always been ſuppoſed to be perfectly inſipid. But 
if we attend to the conſequences of this fluid touching any bare 
nerve of an animal, as is the caſe in wounds and other ſimilar 
circumſtances, we may conclude that it has a kind of fapidity 


which habit has probably rendered inſenſible. In fact, the ex- 


poſure of wounds to the air is often attended with very acute 
pam ®, The infant, at the inſtant of its birth, ſufficiently ſhows, 
by its cries, the diſagreeable impreſſion this contact occaſions. 
This kind of acrimony in the air appears to be the cauſe of that 
difficulty with which wounds cicatrize, if not kept nm 3 at- 


— 


— 


* This may he true; but it has never been . in the moſt ſatisfactory man- 
ner; namely by the condenſer. T. 

7 Colourleſs fluids appear to reflect the light in Fs order of its reflexibility, and 
vill therefore appear of a different tinge, accordingly as they are viewed by re- 
leted or tranſmitted light. Thus the air is either red, orange, or yellow, ac- 
cording to its thickneſs, as is ſeen by the colour of the clonds illuminated at ſun- 
ſet by ths tranſmitted light; the green, blue, indigo, and violet rays being more 
reflexible, are turned back, and exhibit the ſky blue. Water has a ſimilar ap- 
prarance when in large maſſes. The ſea, by reflection, is blue, but by tranſmiſſion 
is red, as Halley obſerved in the diving bell. T. 
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moſpherical air alſo prevents cicatrization in vegetables which 
have been deprived of their bark; and the reproduction of this 
membrane i is known to take place only when the external air is 
excluded. | 

The air is perfectly inodorous, and in thoſe caſes, in which x 
ſort of fetid ſmell is perceived, it is eaſily accounted for, by at. 
tention to the foreign bodies interſperſed through it, as riſts, or 
vapours “. 

The weight of the air is one of the moſt valuable diſcoyeries 
in natural philoſophy. It was not well eſtabliſhed till about the 
middle of laſt century, though it is affirmed, that Ariſtotle knew 
that + a bladder is heavier when full of air, than when empty, 
The ancients had no idea of the weight of the air; but attri. 


buted all the phenomena ariſing from that weight to an occult 


quality they called the horror of a vacuum. The impoſſibility of 
raiſing water by the common pump to a greater height than thirty. 
two feet, engaged certain workmen to conſult the famous Galileo, 
who was greatly ſurpriſed at the fact. Death, in all probability, 
prevented his ſagacity from diſcovering the true cauſe of this, 
which was reſerved for his diſciple Torricellius. He was led to it 


by the following reaſoning : The water appeared to him to riſe in 


the ſucking pump ſolely in conſequence of an exterior cauſe, 
which, by preſſure, obliged it to follow the piſton, The action 
of this cauſe is evidently limited, as appears by its ſuſtaining a co- 
lumn of no more than thirty-two feet of water, If, therefore, it 
were to act on a fluid ſpecifically heavier than water, it ought to 
raiſe and ſuſtain to a height inverſely as its ſpecific gravity. From 
theſe reflections he was induced to take a tube of glaſs herme- 
tically ſealed at one end, and thirty-ſix inches in length. He 
filled this with mercury, the cloſed end being downwards; then 
cloſing the extremity with his finger, he raiſed the other end up- 
permoſt, and plunged the unſealed end beneath the ſurface of a 


veſſel of mercury. Upon removing his finger, he obſerved the 


mercurial column to defcend, till after feveral oſcillations its up- 
per ſurface remained at twenty-eight inches above the ſurface ct 


The ſmell of 3 is often perceived by 3 people, when they go 
into the open air. T. 

+ It is not eaſy to conjecture what may have occaſioned Boyle's miſtake in re- 
peating this experiment. He found the bladder lighter when empty than when 
blown up. This certainly cannot be; for the air in the bladder, acting enly by 
3s reſidual gravity in air (which is nothing) could not cauſe any preponderance, 
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the mercury in the baſon. By comparing this height with the 
height of thirty-two feet, to which water is raiſed in pumps, he 
found it correſponded accurately to the inverſe ratio of the weights. 
For the ſpecific gravity of mercury and water being in round 
numbers, as 14 to 1, the mercury was found to ſtand in the va- 
cuum at only one fourteenth of the height of the water, It was 
not till after much meditation, that he ſuſpected the weight of 
the air to be the cauſe of the ſuſpenſion of water in pumps; and 
this doctrine was not incontrovertibly eſtabliſhed in France, till 
aſter. the ingenious experiment of Paſcal in that kingdom. 

This celebrated philoſopher imagined, that if water were ſuſ- 
tained at the height of thirty-two feet in pumps, and mercury 
at twenty-eight inches in the Torricellian tube, by the fole gravity 
of the air, the heights of theſe fluids ought to vary with that 
gravity ; that they ought not, for example, to be the fame on 
the top of a mountain and in a valley, becauſe the length of a 
column of the atmoſphere muſt be ſhorter, and confequently its 
weight leſs in the former than in the latter caſe. In purſuance 
of this idea of Paſcal, M. Perrier on the 19th of September, 


1648, at the foot and at the ſumit of the mountain Puits de Dome 


in Auvergne, made the famous experiment, which has for ever 
fed the opinion of philoſophers on this ſubjeck. The barome- 
ter, or Torricellian tube filled with mercury, and fixed to a ſcale 


of thirty-four inches, divided into inches and lines, ſhowed a fall 


or diminution of the mercurial column equal to four inches, in 
aſcending from the foot of the mountain to its ſummit, which 
is hve hundred toiſes higher. By this it was aſcertained, that the 
mercury varies about an inch for every hundred fathoms ; and this 
inſtrument has fince that time been very ſucceſsfully applied to 
meature the height of mountains. | 

The weight of the air has great influence on a number of phy- 
ical and chemical phenomena. It compreſſes all bodies, and op- 
poles their dilatation. It is an obſtacle to the evaporation of 
uids. The water of the fea is by this cauſe preſerved in its li- 
quid ſtate, without which it would take the vaporous form, as 
we ſee in the vacuum of the air pump. The preſſure of the air 
on our bodies preſerves the ſtate both of the ſolids and fluids; 
and from the want of this due preſſure it is, that on the ſummits 
ot lofty mountains the blood often iſues from the pores of the 


kin, or from the lungs, and occaſions hemorrhages. 
N 1 
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Laſtly, the air is ſtrongly elaſtic. It is capable of being very 
much condenfed, and ſuddenly regains its former ſtate when at 
liberty. A great number of facts prove the truth of this afſer. 
tion. We ſhall here mention one or two of the moſt obvious 
and conclufive. If mercury be poured into a tube in the form 
of the letter U, and cloſed at one end, the air in the cloſed end 
will contract in its dimenſions, in proportion as the quantity of 
mercury by which it is compreſſed is greater. The foot-hall of 
children, conſiſting of a bladder filled with wind, and encloſed in 


r * 
- 0 $32.4 
* v4 


Tt | leather, ſhows the ſame claſticity, by its rebounding when it falls 
; ; 1 11 on hard bodies. The fountain by compreſſed air ſhows the ſame 
the 1 1 | thing. This is a veſſel half filled with water, and air is ſtrongly 
it | 1 compreſſed into its ſuperior part: The reaction of the air on the 
44 | 71 water forces it out to a conf! derable height through a tube. Laſtly, 
4 | 11a the wind gun, whoſe effects are well known, owes thoſe effects 
41 5 to the ſame property. It is eſtimated that air may be compreſled 
14 1 into the 128th of its uſual volume. 
| f ö Fit : Heat producing a contrary effect to that of compreſſion upon 
15 ; F | air, ſerves to ſhow, that its volume may be exceedingly augment- 
9 i | | ed by the increaſe of its ſpring. When a bladder full of air i 
If $31: expoſed to the heat of a furnace, the air is dilated fo as to burſt 
| B56 the bladder with an exploſion. This phenomenon is partly the 
[ ' 1 occaſion of the burſting of chemical veſſels, which often happens 
„ where due precautions are not taken to prevent it. The abſence 


3 
10 


of the preſſure of the atmoſphere, or the total abſtraction of the 
circumambient air from beneath the receiver of an air pump, 
cauſes a bladder encloſed therein to burſt by the ſpring of the in- 
cluded air, which then acts without oppoſition. | 

From this account of the gravity and the elaſticity of the air, 
it may be readily inferred, that theſe properties are the leading 
cauſes of the numerous atmoſpherical changes, and the vari- 
| tions in the mercurial column in the barometer. In fact, the in- 
| | ferior ſtrata of the atmoſphere muſt ſuſtain the weight of the air 
| above them, and are therefore in a ſtate of compreſſion, which 
diminiſhes with the greater elevation of places: : And the con- 
tinual change of temperature mult alſo greatly affect the gravity 
of the air, by augmenting or diminiſhing its elaſticity. Thus, 2 
we have already noticed, the air is lighter, keener, and more ag!” 
tated on the tops of mountains than in lower regions; and it i 
only from the conſideration of the combined effects of the heat, 
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gravity, and elaſticity of the atmoſphere, that the barometrical 
changes can be accounted for. M. de Luc, and M. de Sauſſure 
have paid great attention to this important ſubject for ſome years 
palt *. 


6 2. Fes i the Chemical Properties of Common Air. 


The properties we have deſcribed were formerly the only ones 
known, or treated of by philoſophers. But certain chemiſts, at 
the head of whom we may place Van Helmont, Boyle, and 
Hales, having perceived that air, or at leaſt a fluid poſſeſſing all 


its apparent properties, was obtained in the analyſis of many na- 


taral ſubſtances, adopted the opinion that this element combines 
with, and becomes fixed in bodies. Such is the origin of the 
term fixed air, which was given to the elaſtic fluids obtained in 
chemical operations. The early philoſophers ſuppoſed theſe fluids 
to be air; but the diſcoveries of Dr. Prieſtley have ſhown, that 
there are many bodies which have the phyſical properties of air, 
though they differ from it eſſentialy in many reſpects. It is, 
therefore, neceſſary to attend to thoſe other properties, in order 
to diſtinguiſh air from other aeriform fluids, which reſemble it in 
inviſibility and elaſticity. Theſe properties are chemical. 
On inquiring into the characters of air, we find two which 
are peculiar to it, and well adapted to diſtinguiſn it from other 
elaſtic fluids. The one is the property of promoting the com- 
buſtion or inflammation of bodies ſuſceptible of that proceſs ; and 
the other is that of maintaining the life of animals that reſpire it. 
Let us carefully examine theſe important phenomena. 

It is very difficult to give a good definition of combuſtion. It 


is a collection of phenomena, which certain bodies exhibit when 


heated with acceſs of air; the principle of which are the con- 
tinuance or augmentation of heat, agitation, or inteſtine motion, 
the emiſſion of light, flame, redneſs, and a total change of the 
matter burned. Great differences may be obſerved in combuſt- 
idle bodies; ſome burn briſkly with a luminous flame, as oils, 
wood, reſins, bitumens; others burn without ſenſible flame, as 
many of the metals, and charcoal, if well made; others again are 


—— 


* The barometrical meaſurement of e has been well 3 of, both 


Practically and ſcientifically, by Sir George Shuekburgh and Colonel _ in the 


77th vol. ol the Philoſophical Tranſactions. T. 
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conſumed ſlowly without ſenſible ignition, though with heat, a; 
is ſeen in certain metallic matters. In all theſe cafes the com. 
buſtion is performed; and the body, thus burned, cannot be 
again ſubjected to the ſame proceſs. The reſidue of the com- 
buſtion 1s always heavier than the body itſelf was before it was 


burned, as is more particularly ſeen in ſuch as are fixed in the 


fire: But ſuch bodies, as contain volatile inflammable matter, 
burn with more rapidity than the former, and leave a reſidue 
much leſs heavy than before. Oils, &c. are of this Rind. But 
this diſtinction reſpecting the weight of the reſidue, is only ap- 
parent; for the reſidue in fact is in all cafes heavier than the 
body itſelf originally was. This important truth is evinced by a 
proper attention to the entire product of the inflammation. The 
fixed part of a body is not the whole reſidue ſtrictly conſiderecd, 


for the volatile parts eſcape into the air; and in ſome bodies the 
whole eſcapes in this manner. Theſe laſt would ſeem to be an. 


nihilated, if we were not to bring the volatile parts into our ac- 
count, which is an abſurd poſition not to be maintained by in- 
ference from any phenomena. Thus we find that ſpirits of wine 
and ether burn without leaving any reſidue in the veſſels that con- 
tained them; but the matter they conſiſted of is volatilized and 
difperſed. But if proper means be uſed to collect the product, it 
is found that its weight is greater than that of the original fluid, 
In this manner, M. Lavoiſier obtained eighteen ounces of water, 
by burning ſixteen ounces of pure and highly rectiſied ſpirit of 
wine, under a chimney adapted to the worm-pipe of a {till *, 
And the ſame phenomenon takes place with oils, reſins, &. 
90 likewiſe it is not to be concluded that the aſhes of wood is the 
true reſidue of the combuſtion. For a part of this ſubſtance is 
diſſipated in the air; that which is imperfectly burned, conſtitut- 
ing ſoot ; while another part eſcaping into the air is condented 
in the form of water, or exiſts in the form of elaſtic fluids of 
various kinds. It may, therefore, be taken for a general truth 
in chemiſtry, that the weight of bodies is increaſed by combut- 
tion. : | | 
The explanation of this increaſe of weight depends entirely on 
another phenomenon of combuſtion, which muſt be more int- 
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nutely inquired into. Combuſtion cannot take place without the 
acceſs of air, and is always carried on in proportion to the quan- 
tity and the purity of that fluid. This abſolute neceſſity for the 
preſence of air in combuſtion, has ſtruck philoſophers, ſince the 
time of Boyle and Hales z and each of them has propoſed his 
opinion on this ſubject. Boerhaave thought that the action of 
air conſiſted in its being applied to the ſurface of bodies, and in 
ſeparating the particles ſucceſhvely from each other. This hypo- 
theſis does not by any means ſhow why the ſame air ſhould not 
eternally ſerve to maintain combuſtion. M. Morveau ſuppoſed 
this laſt fact to depend on the too great rarefaction the parts of 
the air ſuffered by heat, in conſequence of which he imagined 
the combuſtible body might ſuſter a compreſſion incompatible 
with the ſtate of combuſtion. But this ingenious explanation 
was oftered at a time when the true cauſe was entirely unknown. 
M. Lavoiſier, by his valuable experiments on the calcination of 
metals in known and determinate quantities of air, has proved 
the fact obſerved long ago by the naturaliſt John Ray, that a 
portion of the air is abſorbed during calcination ; that the metal 


calx really contains this portion of air, as is ſhown by its diſen- 


heat*. Other facts have carried him ſtill farther. With Prieſtley 


combuſtion, cannot be made to ſerve for new proceſſes of the 
fame kind, but that it exſtinguiſnes bodies on fire, ſuffocates 
animals, and, in a word, it is no longer true air, &c.; and that 
the diminution is in proportion to + the quantity of air abſorbed 


from metallic calces, is found to be three or four times as pure 
as that of the atmoſphere f; fince it is not only capable of main- 
taning combuſtion, but renders it much more rapid and perfect 
than ordinary air does; and à given quantity of this air will ſuf- 
ice to the perfect combuſtion of three or four times the quantity 
of a like body, which would be conſumed in an equal portion 
of atmoſpheric air. This ſingular fluid, which is obtained from 


Mem. de l'Acad. des Sciences, pour Ann. 1774 et 1775, P- 520. T. 

t Mem. de VAcad. des Sciences, pour V Ann. 1776, p. 679 et pour V Ang, 
7771, p. 65, 188 et 201, T. 

i Mem, de I Acad. des Sciences, pour I' Ann. 1775. p. 52 5. T. 


acquires as much weight as the air loſes; and that the metallic 
gagement when mercury is reduced by the mere application of 


he has obſerved, that the air which remains after calcination and 


| by the combuſtible body. On the other hand, the air obtained 
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mercurial calces has been called dephlogiſticated air, by its dif. 
coverer Dr. Prieſtley, who ſuppoſed it to be a portion of the aj 
of the atmoſphere, from which the phlogiſton (which according 
to him always exiſts in the air) had been taken away and abſorb. 
ed by the calx of mercury, which is reduced in proportion 25 


| this elaſtic fluid is diſengaged by heat. But as this denomination 
f may convey a falſe idea of the nature of this elaſtic fluid, we 
1 ſhall adopt the name of vital air, becauſe it is the only fluid 
41 which ſerves to maintain combuſtion or reſpiration, and becauſe 
THE it is, to uſe an expreſſion of M. Lavoiſier, air in a much more emi. 
1 nent degree than air itſelf. 

1. From the conſideration of the abſolute neceſſity of air to main. 
1 I! tain combuſtion and its preſence in metallic calees, M. Lavoiſiet 
1 I! : | concluded at firſt that combuſtion conſiſts in nothing more than 
N | LN ; the abſorption of pure air by the inflammable body. He regard. 
WE T1 (6 ed the air of the atmoſphere, abſtracting the water and different 


vapours that float therein, as a compound of two elaſtic fluids of 
a very different nature. The one, which is the only and true 
air, capable of maintaining combuſtion, by being precipitated on, 
and uniting with combuſtible bodies, is the pure or vital air. I. 
| compoſes from a fourth to a third part of the atmoſphere. The 

| = other, which is a fluid deſtructive to animal life, and extin- 
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guiſhes fire, conſtitutes from two-thirds to three-fourths of the 
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Wa) | atmoſphere, and was at firſt called by him atmoſpheric mephiti, 
1 When a combuſtible body is ſet on fire in contact with atmol. 
4 | il pherical air, the portion of vital air becomes fixed in the body, 
I i and the combuſtion continues while this proceſs is going on; but 
„ as ſoon as the whole of the vital air is abſorbed, it ceaſes. The r- 
11 ſidue, thus deprived of one of its conſtituent parts, cannot fer 
j a | | to maintain new combuſtions; but this atmoſpheric mephitis wil 
vi TEN regain the properties it had before, if a portion of pure air ob- 
q! 0 HE | tamed from a metallic calx, or from nitre, be added in the ſame 
1 1 | quantity as was loſt by combuſtion. This ingenious theory pro- 
„ poſed in 1776 and 1777, by M. Lavoiſier, ſeemed to explain a 
„ the phenomena of combuſtion. It clearly accounted for the 1t- 
Ut, | creaſe of weight in metallic calces, and the extinction of com 
| ; 1 | l | buſtible bodies in an air already employed in maintaining com- 
i}: | IE buſtion ; but M. Lavoiſier has thought it neceſſary to modify i 
183: by the addition of new obſervations ſuggeſted by his numero 
; | 1 | experiments. The very bright flame obſerved when bodies i 
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in a ſtream on the ſurface of a body already on fire, by the help 
of an ingenious apparatus * that philoſopher has contrived for 
the purpoſe, induced him to inquire into its cauſe, and whether 
it might not be cauſed by the diſengagement of phlogiſton 
in the form of fire at liberty, according to the theory of Stahl. 
His attention to this inquiry was the more fixed by the conſidera- 
tion that the celebrated Macquer, notwithſtanding the new diſ- 
coveries, had not abandoned the theory of Stahl, but had con- 
nected his own theory with that of the father of chemical phi- 
loſophy. We have ſhown, that Macquer maintained the opi- 
nion, that the fixation of pure air in combuſtible bodies was per- 
formed only in proportion as phlogiſton was diſengaged z accord- 
ing to him, pure air and phlogiſton mutually precipitate each other 
in every inſtance of combuſtion ; the phlogiſton being diſengaged 
in the ſtate of fire at liberty by the pure air which aſſumes its 
place: in the reduction of metals, the phlogiſton, in its turn, diſ- 


voiſier, obſerving that the luminous appearance of the flame we 
have ſpoken of (and which too clearly evinces the preſence of 
light, or the matter of fire in action, to admit of controverſy), 
ſeemed rather to environ or ſurround the combuſtible, than to 
be diſengaged from it, adopted the opinion that the matter of 
light and heat is ſeparated from the pure or vital air, in proportion 
& the body burns and abſorbs a part of it. He now thinks that 
pure air, as well as every other aeriform fluid, is compounded 
of a peculiar principle, capable of becoming ſolid, and the matter 
of heat or fire, to which laſt it owes it aerial form; that it is de- 
compoſed in combuſtion, its fixed and ſolid principle uniting 
with the combuſtible body, and by that means changing its-na- 
ture, and adding to its weight, while the matter of fire is diſen- 
gaged in the form of light and heat +. So that what Stahl attri- 
butes to the combuſtible body, the modern doctrine aſcribes to 
the pure air; it being this laſt which burns, rather than the com- 
buſtible, if combuſtion be made to conſiſt in the diſengagement 
of fire. As to the other principle, which, when united to the 


3 


lily it * Deſcribed in the Mem. de I Acad. pour l' Ann, 17832. p. 467. L. 
jerous ö The firſt ſketch of this theory was publiſhed in the Memoires de I Acad. pour 
| 1 ” Ann, 1777, p. 592. It was aſterwards explained at greater length in the va- 
16S 3 lume for 1783, p. Fog. T. ; 


* 


-ombuſtion are either plunged in vital air, or when it is blown 


engages the pure air, and becomes fixed in theſe bodies. M. La- 
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culates through the lungs, and is with it diſperſed through all 


dies. The maintenance of the heat of the blood is therefore 


exhales from the blood, and appears to be of the ſame nature 28 
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matter of fire, conſtitutes pure or vital air, though M. Lapoiſler 
has not yet entirely diſcovered its nature, yet as it is aſcertained 
that it almoſt always forms acids by combining with combuſtible 
bodies, he has called it the oxygenous, ar acidifying principle *, 
It is this which produces the ſulphuric, arſenic, phoſphoric acids, 
&c. in the combuſtion of ſulphur, arſenic, phoſphorus, &c. it 
being one and the ſame ſubſtance in all theſe. It is to be ob- 
ſerved, that in this new theory, the pure or vital air procured 
from metallic calces was not all contained in them ; but is oh. 
tained from them, becauſe the oxygen united to the metals, 
combines with the matter of heat or light which paſſes through 
the veſſels, in which the calx of mercury is heated, 8c. 
Such is at preſent the ſtate of the ſcience of chemiſtry, with 
regard to the nature of atmoſpherical air, and its influence in 
combuſtion. The theory we have here exhibited daily acquires 
new force; the objections of thoſe who do not yet admit it, haye 
done it no injury : they even prove, that, with a more accurate 
knowledge of the whole of this theory, the chemiſts who oppoſe 
it would be ſenſible of the inſufficiency of the objections they 
urge; and that, when this knowledge ſhall become more ex- 
tended, all philoſophers will be neceſſarily of one ſentiment. 

Reſpiration is a phenomenon very analogous to combuſtion, 
Like combuſtion it decompoſes the air : It can only be carried on 
in proportion to the quantity of pure or vital air which 1s pre- 
ſent, and, when all that air is deſtroyed, animals periſh in the 
mephitic air which remains. It is a flow combuſtion, in which 
part of the heat of the vital air paſſes into the blood, which cir- 


the organs: Thus it is that the animal heat is repaired, which is 
continually carried off by the atmoſphere and by ſurrounding bo- 


one of the principal uſes of reſpiration ; and this happy theory 
explains why animals which do not reſpire the air, or which | 
reſpire it very little, have cold blood. | 

Meſſicurs Lavoifier and De la Place have diſcovered a ſecond 
uſe of air in reſpiration ; namely, to abſorb a principle which 


Lavoiſier at firſt gave it the name of oxig-yne, but the neceſſity of uſing an ana- 
logous term for ſome other ſubſtances improperly named, induced us to changs 
the termination into gene, as being more expreſſive of its SER derivation, 
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charcoal“. This body, reduced into vapours, combines with the 
| oxygen of the vital air, and forms carbonic acid, which iſſues 
gut of the lungs by the expiration. This formation of carbonic 
| cid which takes place in atmoſpheric air reſpired by animals, at 
me ſame time that the mephitis is ſeparated, clearly ſhows the 
dangerous conſequences which reſult from too great a number of 


c. , and the noxious eſtects, which air vitiated by reſpiration pro- 
duces on perſons of delicate conſtitutions, are no longer to be 
| wondered at. 

We ſce, therefore, that two leading phenomena tend conti- 
[nually to vitiate and decompoſe the air which ſurrounds our 
globe, Theſe are combuſtion and reſpiration. This fluid would 


ſoon be rendered unfit for the maintenance of theſe natural pro- 
ceſſes, if there were not other phenomena capable of reſtoring 
; iital air to the atmoſphere, in the place of that which is conti- 
F nually abſorbed and loſt. We {hall ſee, in the following chapter, 
6 and in the third part of theſe Elements, that vegetables poſſeſs 
0 very extended organs, deſtined by nature to extract this vital air 
1 from water, and to pour it forth into the atmoſphere, when the 
1 pays of the ſun act upon them. | 
N, 3. Concerning the Characters of Mephitis, or Azotic Gas, 
on which forms part of the Atmoſphere. 

25 From all the foregoing details, it follows, that atmoſpheric air 
he $ compoſed of two gaſes, or elaſtic fluids; the one, which main- 
ch ins combuition and reſpiration; and the other, which cannot 
ny me in the production of either of theſe phenomena. The firſt, 
al ch is called vital air, is in the proportion of o, 27, or o, 28; 
115 be other amounts to o, 73, or o, 72 ©. We have obſerved that 
bo- former is compoſed of caloric, light and oxygen; the ſecond 
fore | ixewiſe, as all gaſeous bodies are, a compound of caloric and 
yy a bate capable of becoming ſolid. This elaſtic fluid, which 
dich ns more than two thirds of "the air of the atmoſphere, was 

irſt called mephitis by Lavoifier, becauſe it extinguiſhes 

ond les in combuſtion, and deſtroys animal life; but as all the 
hich les, except, vital and atmoſpherical air, are equally noxious, and 
=o: be name of mephitis is a general expreſſion which belongs to 
ae  Nctwaire ſur la Chaleur dans les Mem. de PAzad. p. 19750. The - firſt ellay of 


ſaller ou Ref! Neon was rcad on the 3d May 1777. 7. 
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perſons being included in cloſe places, ſuch as theatres, hoſpitals, 
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pheric air, and occupies the upper part of rooms in which th 
air is altered by reſpiration and combuſtion. Though it 
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them all alike, and has always been given to elaſtic fluids, wy 
are not reſpirable, we have adopted the name of azotic gas fy 
this acriform fluid; and this . denomination has permitted us y 
give the name azote, or the ſubſtantive, to the baſe of this gay 
which, like that of vital air, or oxygen, becomes fixed by con. 
bining with various ſubſtances. To give in this place ſome i. 
formation reſpecting the nature of this azotic gas, we ſhall d. 
ſcribe ſome of its properties. It is ſomewhat lighter than atmo, 


very noxious to animals in its ſtate of elaſtic fluidity, yet its bal 
or azote, is one of the component parts of their bodies, frag 
which it is obtained in very great quantities. It is one of th 


| 
conftituent parts of volatile alkali, or ammoniac, and of the nj 
tric acid. It appears to be abſorbed by vegetables, and perluy , 
even by animals. It is likewiſe very probable that it forms o . 
of the principles of all the alkalis, and that it may be conſider a 
as the true alkaligen, oppoſed to the baſe of vital air, which, ei 
we have obſerved, is oxygen. The atmoſphere would be thx, 2 
according to theſe conſiderations, an immenſe reſervoir of tit th 
acidifying and alkalifying principles, without being itſelf eile of 
acid or alkaline. Sag 
tem 
All theſe properties can be no more than announceed int iy 
place; they will be demonſtrated and explained much more iu 7 
in the other chapters. We have been deſirous of ſhewing t i 
difference which exiſts merely between the two elaſtic ui ” 
which conſtitute the air of the atmoſphere, and of fixing the than 
tention on each of them d. ſpeci! 
f partic 
2 it is n 
E 4 fuids, 
: ſtate o 
NOTES ON CHAPTER VI. 1 
| to it, 
[Page 197.] - | atmoſp 
the foll 
a Tax blue colour of the air, though rejected by Fourcroy, is admitted * 


many reſpectable philoſophers. It appears, from the very accurate obſernal 
of Sauſſure, that the blue colour of the ſky acquires a deeper ſh4- in prop 
as it is viewed from a more elevated ſituation. Conſult upon this i :bj-& P: rich 
Hiftory Visi iſion, Light, and Colours, page 436, the Journal de H, Iylarch!, 


and Saauſſure's Voyages dans les Alpes. 
b It is at preſent ſufficiently aſcertained, di the experiments 0! Dr. 


. theſe effects of air depend upon its oxygen, which probably combines e 
2 


Pod 
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with the matter diſcharged from the ulcerated or raw ſurface, or eombines with 
the ſurface itſelf. It was long ago ſuggeſted by Berthollet, that the cauſticity of 
metallic oxyds depended on the affinity of their oxygen with animal matter; and 
the truth of this opinion was confirmed experimentally by Fourcroy. Annales 
d Chimie, tome 7ieme. 

c This account of the campoſition of atmoſpheric air is not ſcrictly accurate, 
fince the pureſt atmoſpheric air that has yet been found contains a mixture of car- 
| honic acid gas. Cauſtic alkalis become mild, lime water acquires a pellicle on its 

| ſurface, and metallic oxyds become efferveſcent in acids, after expoſure for a ſufli- 
cient length of time to atmoſpheric air. Theſe changes take place in every ſitua- 
tion in which the experiments have been properly tried. Even upon the ſummit 
of Mont Blanc, there was a ſufficient quantity of carhonic acid gas in the atmo» 
 ſpheric air to produce, in ſeven quarters of an hour, a pellicle upon the ſurface of 
lime water, and to communicate, in an hour and a half, the property of efferveſ- 
cing to cauſtic potaſn. It farther appears, that this ſmall quantity of carbonic acid 
gas adheres ſo ſtrongly to the atmoſpheric air, that the latter does not produce the 
lighteſt cloud when agitated with lime water. It was this, and other facts of the 
fame kind, which induced Mr. Kirwan to conclude that the quantity of carbonic 
acid gas in atmoſpheric air is abſolutely inappreciable. Morveau has pointed 
out the circumſtances which occaſioned the failure of Mr. Kirwan's experiments, 


and has ſhown that atmoſpheric air contains a ſmall quantity of carbonic acid gas, 


even when it is unable to produce the ſmalleſt cloudineſs in lime water. Article 
Air of the chemical part of the Encyclopedie Maetbodique, p. 745. 

Atmoſpheric air alſo contains water ; the quantity of which varies according to 
the temperature and denſity of the air, and according to the nature and qualities 
of the ſubſtances to which it has been recently expoſed. It appears, from the ac- 
curate experiments of Sauſſure, that a cubic foot of atmoſpheric air, having the 
| temperature of 65, diſſolves about 11 grains of water, in paſling from extreme 
dryneſs to extreme humidity. Conſult upon this ſubject 3auffure's Eis ſur 
I Hygrometrie, & 97, 180. 

d Neceſſary corrections in eſtimating the weight of any permanently elaſtic 
fluid from its volume. 

t. The quantity of any gas is more conveniently aſcertained by meaſuring it 
than by weighing it, the weight being afterwards calculated from the volume and 
ſpecific gravity z but the common tables of ſpecific gravities being adapted for 
particular ſtates of preſſure and elaſticity in the elaſtic fluids to which they relate, 
it is neceſſary to make certain corrections in the obſerved volumes of theſe elaſtic 
fuids, when they are ſubjected to a difference of preſſure, or exiſt in a different 
ſtate of elaſticity. 

2. The volume occupied by an elaſtic fluid is inverſely as the preſſure applied 
to it. This at leaſt is the caſe in thoſe variations of preſſure which occur in the 
umoſphere, or in ordinary chemical experiments, From this obſervation we get 
the following general formula. 

Let v = the preſent volume of any gas, 
n = the preſent height of the mercury in the barometer, 
n = the height of the barometer, to which the tables of ſpecific gravity 
are adapted, 
x = the volume which the gas would occupy, if the barometer ſtood at n 


nv 
Then n: W:: K: „, and x 2 
| ax 
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But there is another ſource of fallacy ariſing from the influence of preſſuc, 
upon the volume of elaſtic fluids. When gas is confined in a jar over mercury or 
Water, it often happens that the mercury or water muſt be allowed to riſe within 
the jar, above the level of the mercury or water in the baſon. In that caſe the 
gas is not compreſſed by the whole weight of the atmoſphere, but only by the 
weight of the atmoſphere, minus the weight of the column of mercury or water 
in the jar above the level of the baſon. The preffure to which the gas is * 
ed in theſe circumſtances may be calculated in the following manner: 
Let H = the preſent height of the mercury in the barometer, 
h = the height of the W or water in the jar above the level of 
the baſon, 
v the volume of gas in the jar, 
= the volume which it would have occupied, if it had been compret. 
"fea by the whole weight of the atmeſpbere; 
(H—h) v 


H 

When mercury is uſed in the baſon, the application of this formula is made at 
once; but when water is nſed, we muſt firſt reduce the column of water to its 
correſponding column of mercury. This may be done very expeditiouſly, hy 
means of the table (No. II.) annexed to Lavoiſier's Elements of Chemiſtry, or by 
recollecting that the ſpecific gravity of mercury is very nearly 13.6. The whole 
of this laſt calculation may be avoided, in ſome inſtances, by plunging the jar filled 
with gas into the baſon, till the liquid within the jar be on a level with the liquid 
without, and by calculating the quantity of the gas from the volume which it then 
occupies. But this method is not always practicable. 

3. Air is expanded, like other ſubſtances, by caloric ; but philoſophers are not 
perfectly agreed as to the ratio of its expanſion, the direct experiments which have 
been made to determine that point varying ſomewhat in their reſults, 

Taking the medium of Sir George Shuckburgh's experiments, it appears thut 
1000 parts of atmoſpheric air, of the freezing temperature, increaſe in volume by 
2:43 thouſandth parts, for every additional degree of temperature according to 
Fahrenheit's ſcale. 'Theſe experiments were made between the freezing point 
and this temperature of 51. They indicate a leſs expanſion for the degrees near 
to the freezing peint, and a greater expanſion for thoſe remote from it ; but the 
expanſion of 2.43 thouſandth parts, or of 1-4r2th part for every degree, isthe 
medium *. 

The late General Roy's experiments agree pretty nearly with thoſe of Sit 
George Shuckburgh. He found, indeed, that xooo parts of atmoſpheric air wert 
expanded to 1484. 21 parts, by paſſing from the freezing to the boiling tempera- 
ture, which gives an expanfion of 2.284 thouſandth parts, or 1-438 nearly for 
every degree ; but from the 12th "to the gad degree, he makes the expanſion 
for every degree 1-409th part, which differs only by 2-0000th parts from Si 
George Shuckburgh's eſtimate of the expanſion between 320 and 51. 

So far the direct experiments upon the dilatibility of air agree tolerably wel; 
but thoſe of Sauſſure, which appear to have been made in very advantageous cir- 
cumſlances, afford extremely different reſults. The quantity of air operated on 
by Sauſſure, was much greater than that contained in General Roy's apparatus 
amounting to more than four cubic feet ; the dilatations produced by the ſame im 
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Then H: H—h:: 


Ppiloſepbical Tranſaction- for 1777, page 557. 
+ Lid. p. 703, 704. 
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creaſe of temperature, did not vary in his numerous experiments, by more than 
1-11th of the whole; and yet the medium of his obſervations gave only 1.88615 
thouſandth parts, a T-530th part for the expanſion produced by every degree of 

temperature, from 44? to 81? 15 „ | 3 
gome late experiments, which appear to have been very carefully made by M. | 
du Vernois, under the inſpection of Guiton Morveau, differ ſtill more widely 9 | 
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than Sauſſure's from thoſe of the two Engliſh philoſophers. It appears from theſe 

experiments, that between $2* and 57, the mean expanſion of atmoſpheric oy is 
only 1-57 Tſt part for every degree of Fahrenheit's ſcale; that between 77 and | | 
1229, it is t-252.5th part; and between 122? and 167“, the 1-712th part f. | 146 

Lavoiſier, in his Memoirs fur la Chaleur, and in his Elimens de Chimie, has aſ- 1 
ſumed a degree of expanſibility for atmoſpheric air, which is intermediate be- | 
tween theſe extremes: 'This degree was afforded him by the barometrical obſer- 
vations of De Luc ; from which it appeared, that about the temperature of 70%, 1 
the atmoſpheric air is expanded by - 215th part of its volume, for every degree of | | 
De Luc's thermometer; or by 1-480th part, for every degree of Fahrenheit's. 

The hygrometric ſtate of the air is another circumſtance that influences its vo- 
| Jume, Sauſſure found that the air, in paſſing from its drieſt ſtate to the ſtate of 
| oreateſt moiſture, expands by about r-54th part of its volume; and returns again 
to its former volume, when reſtored to the ſtate of greateſt dryneſs f. | 

How far does the hygrometric ſtate of the air affect its dilatibility by caloric ? 11 
It would appear from General Roy's experiments, that above the 40“ or 45% of 5 
Fahrenheit's ſcale, the expanſibility of moiſt air is conſiderably and progreſſively : 
| greater than that of dry air ||; but Sauſſure aſſures us that between 44® and 81 119 
| the drieſt air is rather more expanſible than the moſt. humid; and he ſuggeſts, il | 
with great appearance of truth, that General Roy had been miſled in thefe expe- | 
| timents, by not adverting to the formation of ſteam in his manometer, and its i 
| conſequent effect upon the inſtrument $; | | f 
It is proper to add, that ſlight variations in the denſity of air appear, from Ge- i 
neral Roy's experiments, to occaſion hardly any difference in its expanſibilitß; 
| but great variations produce very marked effects in that property. Air ſubjected | 
| to the preſſure of 24 atmoſpheres, is dilated by t-488th part, at a medium, for | 74 

erery degree of temperature between the freezing and boiling points; and air x | 
| preſſed with only 1-5th of an atmoſphere, expands by no more than 1-127 fſt part - 107 | 
| tor every degree of the ſame ſcale. It would ſeem that atmoſpheric air of the 1 

common denſity is more expanſible by caloric, than when it is either very much ; 

rondenſed, ot very much rarefied J. . | 8 

The dilatibility of atmoſpheric air has become an object of inquiry among na- N — 14 
tural philoſophers, becauſe the accurate determination of it is neceſſary for calcu» | [| 

ating heights, by means of the barometer ; but the dilatations of the other elaſtic | # 1 
| Wide, which are infinitely more intereſting to chemiſts, have not been favoured S 
| vith the ſame attention, We have indeed little but conjeQure upon this ſubjeR, 

Acept the ſeries of experiments which were made by M. du Vernois, under the 

"7:%10n of Guiton Morveau; and which are ſhortly deſcribed in the Ency- | 
«'*p:die Methodigue, The following table contains ſuch of the reſults of M. du 
Y*rnois's labours, as, in the opinion of Guiton, may be ſafely confided in. Though 
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: Eſſai: far P Hygrometrie, atlas B. Sauſſure, F 113. | 
T-ncycloptdie Methodique, Curie, Air, page 679. 

: £ſſoic ſur I' Hygrometrie, & 110. | 
! tbileſophical Franſactions for 1777, page 705 and 712. 
J Eat fur P Hygrometrie, & 113. Note. 

1 Philefophical 7. ramſactions for 1777, page 700 and 701. 
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it may be obſcrved, that ſome even of theſe have rather a ſuſpicious appearance; 
and it is much to be regretted, that in experiments otherwiſe ſo accurately made, 
no attention was paid, to free the gaſes from moiſture, or at leaſt to aſcertain 


their hygrometric ſtate. 


TABLE of the Expanſions of Air, and of ſome of the principal Gaſes, obſerved 
| for every 20? of REaumuR's Scale. 


* 


From zero From 20% From 40 Prom 6! 


to 207. to 400. to 60. to b0?, 
f n 1 | I 
Atmoſpheric air expands, — — — — 
12.67 5.61 2.49 
I I | 1 
Oxygenous gas, - | — — — — 
22.12 4.92 1.53 
| 1 I I 1 
Azotic gas, - — — — 1 
29.41 5-41 1. 82 57.2 
| I I 
Hydrogenous gas, - — 3 
11.91 6.92 
| I I T 
Nitrous 82s, 2 — we — — f 
| 15-33 9 3-739. 
I T I 
Carbonic acid gas, — — — 4 
| 9. 49 5.099 2.31 
1 1 3 
Ammoniacal gas, - — — 14— 
378 1.75 3 


It appears from theſe valuable experiments, that the dilatibility of the gaſes in 
creaſes progreſſively, as they are raiſed to higher degrees of temperature; but the 
Points of the thermometric ſcale at which M. du Vernois's obſervations were made, 
are too remote from one another, and not ſufficiently numerous, to indicate the 
rate of this increaſe. Till proper experiments be made for meaſuring accurately 
this progreſſive dilatibility, the following table may be of uſe, It is calculated 
from M. du Vernois's table, and contains the mean dilatations of the gaſes for every 
degree of Fahrenheit's ſcale, from 32? to the points where the preceding tbl: 


terminates. 


From 32% From 7 From 122 From 160 
to 77. to 122% to 167% to 212 


Atmoſpheric air expands for 1 I I 
every degrec of tempera —— — — 
ture, 570 252 112 

| I I 1 

Oxygenous gas, = — 3 3 

295 221 


N 


From 326 From 72 From 1229 From 1699 
to 7799, to 122 to 1670. to 212“. 


3 
= 


| 
| | 
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Azotic gas, - — — — 
1323 243 82 88 


SMP ER 


1 1 
Hydrogenous gas, - — 8 {ll 
536 321 f | | 1 
Nitrous gas, 1 — — . Ik 
690 405 168 I. j 
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_ =p 4; CHAPTER VII. 


OF WATER. 


Warn had always been conſidered as an element performing 
a very extenſive part in almoſt all the phenomena of nature, ca. 
pable of appearing under a great variety of forms, and of enter. 
ing into many combinations, without ſuffering any alteration of 
its nature, or becoming unable to reſume its original condition, 
The late reſearches, however, of Meſſrs. Lavoiſier, Meuſnier, De 
la Place, and Monge, have ſhown, that water, as well as air, is 
formed of principles of greater ſimplicity, which may be obtain. 
ed ſeparate from each other. This important diſcovery conſi. 
tutes one of the moſt brilliant epochas in the hiſtory of chemiltry, 
We ſhall afterwards ſee by what means theſe philoſophers were 
able to effect the analyſis of water; but we muſt firſt confider 
the phyſical properties of this ſubſtance. 


$ 1. Concerning the Phyſical Properties of Water. 


Natural philoſophers define water to be an inſipid, ponderous, 
tranſparent, colourleſs, inelaſtic, and highly fluid body, ſuſcep- 
tible of the different ſtates of aggregation, from ſolidity to that 
of elaſtic vapour. | 

It is found in almoſt every natural body : There are, notwith- 
ſtanding, many ſubſtances with which art cannot unite it, though 
this is continually done in nature, It is obtained from wood, 
and the moſt ſolid bones: It exiſts in the hardeſt and moſt com- 
pact calcareous ſtones, and forms the greater part of the fluids, 
and a conſiderable proportion of the ſolid parts of animal and ve- 
getable bodies. Theſe are the facts that have occaſioned it to be 
reckoned among the number of elements. 

The naturaliſt conſiders water as exiſting in large maſſes, and 
filling the cavities or depreſſed places on the ſurface of the earth. 
Its natural hiſtory comprehends that of the ice, which is eternal- 

| ly exiſting on the tops of mountains, and in the polar regions; of 

the ſeas, lakes, rivers, and brooks ; of the clouds, hail, ſnow, and 

rain. It is-diſtinguiſhed into terreſtrial and atmoſpheric waters; 

2 and its motion or tranſitions become a ſubject of meteorological 
inquiry. It ſucceſſively paſſes from the ſurface of the globe into 
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the atmoſphere, and from the atmoſphere to the mountains, 
where it is condenſed into ſtreams that are the origin of ſprings 
and rivers, by which it directs its courſe to the grand refer» ir, 
the ſea, When we attend to the phenomena of this immenſe 
body of water, and obſerve its agitation by winds, its libra. ory 
motion or alternate riſe and fall on the coaſts, called the tides, 
and its currents; when we perceive the effects of theſ: and 
other motions, by which mountains are gradually ns} har. 
bours in ſome places deſtroyed, inundations produced in t 
and other coaſts again left dry; when we behold iſlands ri 
from the bottom of the ſea, and others ſubmerged ; we cam 
but acknowledge that water is one of the moſt powert.l ace: 
in nature. If we tranſport ourſelves in imagination into the vail 
receſſes of the interior parts of the earth, we ſhall ag4in moo: 
this element acting in filence in the formation of flts and cr 7 
ſtals, and depoſiting them in the clefts of the rocks. Thee £554: 
ſubjets form a part of the natural Hiſtory of water; but 
cannot be properly explained, till the phyſical and chemical * 
perties of this ſubſtance have been treated of. 

The moſt ſtriking property of water is, its quality of aſſuming 
the ſeveral ſtates of ſolidity, fluidity, or F Let us conſider 
each of theſe modifications. 


Concerning Water in the State of Ice. 


Ice ſeems to be water in its natural ſtate; for the natural ſtate 


of a body, chemically conſidered, is that in which it has the 


ſtrongeſt poſſible aggregation. But as water is moſt abundant'y 
found in the liquid ſtate, this laſt has been conſtantly regard..d 
as the natural ſtate of water. 

The formation of ice is attended with ſeveral concomitant cir- 
cumſtances, which well deſerve to be conſidered. | 

1. A heat of ſome degrees of Reaumur's thermometer is pro- 
duced in the water by the act of freezing, as is always the caſe 
when a liquid body is changed into a ſolid. This thermometer, 
plunged into the water beginning to freeze, will indicate a tem- 
perature ſome degrees above zero; though another thermometer, 


placed in the ſurrounding atmoſphere, ſufficiently cold to freeze 
water, will remain at this point, or even ſink below it. It fol- 


lows, therefore, that a portion of the heat which was fixed in the 
liquid water is diſengaged when it becomes converted into a ſo- 
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lid; and 8 we find the ſpecific heat of ice IF to 
that of water *. The ſame heat is obſervable in the cryſtallization 
of ſalts *. 

2. The acceſs of air favours the production of ice. Water in 
a well-cloſed veſſel freezes very ſlowly; but if the veſſel be open. 


ed, it freezes much more quickly, and ſometimes in the inſtant 
of expoſure to the contact of the air. This phenomenon is ſimi. 


lar to that which happens in the cryſtallization of ſalts. Solu- 
tions of ſalts in cloſed veſſels frequently exhibit a ſudden cryſtall. 
zation when uncovered, and expoſed to the contact of air. 

3. A ſlight degree of agitation likewiſe accelerates this forma. 
tion; in which reſpect, alſo, we find a ſimilitude between this 


and the cryſtallization of ſalts f. By agitating certain faline ſo- 


lutions which do not uſually afford cryſtals, it is ſometimes ſound 
that they are by that means produced. We have often ſeen this 
in ſolutions of calcareous nitrates and muriates. Theſe analogies 
between the formation of ice and of ſaline cryſtals prove that the 
former is obtained by a true cryſtallization. 

4. Ice ſeems to have a greater bulk than the water had before 
it was frozen d, and even breaks, by its expanſion, the veſſels in 
which it is formed ©. It is not, however, the water itſelf which 
has acquired a greater volume in this caſe ; but the air which is 
ſeparated from the water during congelation | is the true cauſe of 


the increaſe of bulk # . 
The following are the Properties of Tee. 
1. When ſlowly formed, its cryſtals have the figure of needles, 
croſling each other at an angle of 60 or of 120 degrees, accord- 


ing to the obſervation of M. Mairan. Sometimes its cryſtalliza- 
tion takes a determinate and regular form. M. Pelletier, th the 


The extrication of caloric is manifeſted by the increaſe of temperature, which 
takes place upon the congelation of water which has been cooled below the freez- 


| Ing point; but it is not true that the temperature ever riſes beyond that point. 


In fact, the congelation ſtops the moment the unfrozen part of the water has ar- 
rived at the higheſt temperature which ice is capable of ſuſtaining without melt- 
ing; and in the natural proceſs, the congelation is continued by the low tempera» 
ture of the air, and other ſurrounding bodies, which conduct off the heat. T. 

+ See a paper, by Dr. Black, on this ſubject, in Philoſophical Tranſactions for 
1765. T. 

$ The difficult queſtion concerning the expanſion of water by freezing, is ne: 


yet well reſolved. If it depended on the excluded air, it might perhaps be poſlible, 


by proper management, to obtain ice more denſe than water. T. 
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ſcholar of D'Arcet, and member of the College of Pharmacy, ob- 
ſerved, in a piece of fiſtulous ice, cryſtals in the form of flat qua- 
drangular priſms, terminated at the ends by dihedral pyramids, 
though with great varieties. If, on the contrary, water, in a con- 
fderable maſs, be frozen ſuddenly, it forms only an irregular ſo- 
ld, in the ſame manner as happens when faline liquids are too 
much evaporated, and cooled ſuddenly. 

2. Its conſiſtence is ſuch, that it may be reduced to duſt fo 
*. as to be driven by the wind. In very cold climates the ice 
is ſo hard, that it is cut like ſtones, and has been employed in 
the conſtruction of edifices. We are aſſured, that even cannons 
have been bored out of ice, which have been charged with pow- 
der, and diſcharged ſeveral times before they melted. 

3. Its elaſticity is very ſtrong, and much more remarkable 
than that of fluid water. Every one knows that a ball of ice, 
thrown on a hard ſurface, rebounds in the ſame manner as other 
ſolids, 

4. It has a lively taſte, approaching to cauſticity. The im- 
preſſion of ice on the ſenſe of feeling is univerſally known. Phy- 
ſicians employ it as a tonic or diſcutient, &c. 

5. Its ſpecific gravity being leſs than that of water, it ſwims 
on the ſurface . This phenomenon, as we have already obſerv- 


ed, ariſes from a great quantity of air interpoſed between its parts. 


The property of expanſion, by freezing, is common to many other 
bodies, ſuch as butter, tallow, wax, &c. f; and is always owing 
to the air interpoſed between their particles; for every ſubſtance, 
ſingly conſidered, is more denſe and heavy in its ſtate of ſolidity 
| than when fluid, . 

6. Its tranſparency is leſs than that of water, in conſequence 
of the babbles of air which it contains, at leaſt in ſuch maſſes as 
are not regularly cryſtallized. This may be eaſily ſeen by an at- 


tentive examination of a piece of ice; and if the cavities be open- 


| ed under water, the air is diſtinctly ſeen to iſſue out in bubbles, 

7- It melts at ſome degrees of temperature above oo in Reau- 
mur's ſcale (or 320 of Fahrenheit), the liquefaction proceeding 
gradually from the ſurface to the internal parts 8. 

8. In its paſſage from the ſolid to the fluid ſtate, it produces 
| Cold in the ſurrounding atmoſphere. . Modern chemiſts think that 
it abſorbs heat in melting; and that this abſorption is equal with 
regard to the quantity of caloric which becomes fixed, and the 
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218 | FLUID WATER. 
quantity of heat which is diſengaged when it becomes congealed, 


All bodies capable of freezing and melting, exhibit the fame 2p. 
pearance, according to the different — to which they 


ate expoſed. 


Concerning Water in the Fluid 6 


The properties of fluid water are very different from thoſe of 
Ice. | | 
1. It has much leſs taſte than ice, and is commonly ſaid to be 
inſipid; yet thoſe who Habitually drink water find differences 
which ſhow that it has a conſiderable degree of taſte. 

2. Its elaſticity is leſs, and has been denied, in conſequence of 
the experiments of the Academy del Cimento. But the Abbe 
Mongez has proved“, by an intereſting ſeries of experiments, that 
it is lightly elaſtic; and even ſhows, that the experiments of 
thoſe academicians confirm the ſame, becauſe the metallic ſpheres 
continued to exude drops of water after they had been taken 
from under the preſs; which could not have happened, if the wa. 
ter had not been diminiſhed, as to its dimenſions, by the compreſ: 


fon. 
3. Its ſtate of liquid aggregation gives energy to its force of 


combination. Hence it has been called the grand diſſolvent of 


nature. In fact, it unites with a great number of bodies, and 
ſingularly favours their mutual combination. 

4. It does not ſeem to unite with light, which merely paſſe 
through it. It is known that this laſt alters its courſe in entering 
into water, ſo as to pour in a more perpendicular direction than 
before. 

5. Heat dilates it, and converts it into the gaſeous ſtate b. Its 
ebullition conſiſts in this paſſage from the ſtate of liquidity to 
that of an aeriform fluid. This phenomenon ariſes from one 
part of the water having taken the form of an elaſtic fluid, and 
becoming inſoluble in the remaining liquid. Each bubble riſe 
from the bottom, and breaks at the ſurface, where it is diffuſed 
and diſſolved in the air. We have explained the cauſe of ebull- 
tion at large in our Memorres de IN publiſhed in 1 7 84, page 
550% | | 


— 


x The — — of water was proved long ſince bs John Canton, F. R. 0 
by experiments made under the receiver of the air- pump; for which, ſee the Pbi 


leſepbical Tramſactiont. T. 
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The weight of the atmoſphere has a ſingular influence on the 
hullition of water. In proportion as this weight is greater, fo 
much the more does it oppoſe the tendency in the water to aſ- 
| fame the form of vapour. This accounts for the obſervation of 
1 Fahrenheit, that the temperature of water in a ſtate of ebullition 


z not always the fame. If the elevation of the mercury in che 


barometrical tube be attended to, it will be found that the tem- 


perature of boiling water is higher or lower according to n ele- 


| yation. 


F This influence of Fa gravity of the air on ebullition 08 take 
place, eſpecially at different heights in the atmoſphere. So that 


| water will, in like circumſtances, boil more eaſily, and with a leſs 
| degree of heat on the mountains than in valleys, or on plains lefs 


elevated. All fluids aſſume the vaporous ftate very readily at 


great heights; And, for this reaſon, volatile liquids, as ſpirit of 
| wine, ether, alkaline or ammoniac gas, loſe the greateſt part of 
their ſtrength on high mountains; as has been obſerved by phi» 
| loſophers, and lately by M. de Lamanon, at the height of more 
than 1800 toiſes above the level of the ſea. When the weight 
of the atmoſphere is taken off a veſſel of water placed in the re- 
ceirer of an air-pump, we obſerve it to boil with great violence, 
and become converted into vapour, though at a temperature not 
exceeding 120 degrees of Fahrenheit i, 

A third circumſtance which influences the ebullition of water, 
excluſive of heat and the weight of the atmoſphere, is the humi- 
| city or dryneſs of the atmoſphere. But this property, being en- 
tirely chemical, will be attended to in the next paragraph. 


6. If water be heated in cloſed veſſels, with an apparatus pro- 


per to receive the vapours, theſe laſt, when condenſed by cold, 

| form diſtilled water. By this means, it is obtained pure, and 
ſeparate from the ſaline and earthy matters by which natural wa- 
ters are almoſt always contaminated, and which do not riſe with 
the yapour. Chemiſts, who require very pure water for their 
experiments, procure it by diſtillation. They put river or ſpring 
water into a cucurbit of copper, lined with tin, to which a head 
of the ſame metal, with a refrigeratory, containing very cold wa- 
ter, is adapted; and the diſtilled water is received in very clean 
glaſs veſſels. It is proper to be obſerved, that, in order to have 
rery pure diſtilled water, the veſſels ſhould be uſed for no other 
purpoſe, The veſſels intended to diſtil quickly, ſhould be made 
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on the new principles ; that i is to ſay, the cucurbit and its head 
ſhould be of a flattened figure, their horizental being much long. 
er than their vertical diameter, Water obtained by careful diſti. 


lation, thus conducted, is perfectly pure. Chemiſts former} 


made uſe of ſnow or rain water; but it is at preſent well known, 
that theſe waters often contain foreign bodies in ſolution. 
Diſtilled water has a flat or faint taſte, and cauſes a ſenſation 


of weight at the ſtomach ; but by being ſtrongly agitated in con- 
tat with air, it acquires a lively taſte, and may be drank yith, 


out inconvenience. Diſtillation makes no change in pure water, 


except that of depriving it of the air it naturally contains, which 


gives it that freſh and lively taſte required to make it potable*, 
Boerhaave diſtilled the ſame water five hundred times, without 
obſerving any change produced in it. Some philoſophers hare 
affirmed, at different periods, that water becomes changed into 
earth; becauſe, at each diſtillation, it leaves a certain quantity cf 
earthy matter at the bottom of the veſſel. M. Lavoiſier has made 
experiments reſpecting this fact. Having weighed the veſſels he 
uſed in diſtilling water, as well as the quantity of water, and the 
reſidue it affords, he has ſhown that this earth is nothing but the 
matter of the veſſels gradually corroded by the water“. 


Concerning W ater in the State of Vapour, or Elaſtic Fluid, 


When water is reduced to the ſtate of vapour by the action of 
fire, it acquires peculiar properties, which it had not in its two 
former ſtates of aggregation l. 

1. It is perfectly inviſible when received in the atmoſphere, 


provided the thermometer ſtands higher than 65 degrees, and the 


air be not already too highly charged with humidity. 

2. If, on the contrary, the atmoſphere have a temperature be- 
low 55 degrees, and be charged with humidity, the vapour of wa 
ter forms a whitiſh cloud, ſenſibly opake; which ariſes from the 
vapour not being abſorbed, or diſſolved by the humid air, as ve 
ſhall afterwards explain, and conſequently to a true precipitation 


8 


— 


—— 


temperature ceaſes to increaſe when the evaporation has arrived at a certain degree 
of rapidity ; that this ſtationary point is higher in proportion to the difficulty the 
vapours find in making their eſcape; that if the vapour be prevented gltogether 
from eſcaping, as is done in the digeſter of Papin, it will acquire, by the applica» 


tion of heat, a temperature approaching to ignition, and will diſſolve or act on 


ezrths and other bodies, which in other caſes it does not ſenſibly affect. I. 


In addition to theſe obſervations on fluid water, it may be obſerved,? that in 
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Its dilatation is ſuch, that by the moſt accurate computation, 
it 18 found to occupy eight hundred times the ſpace it 5 in 
the fluid form ®, according to Mr. Watt. 

4. Its elaſticity i is ſuch, as to produce the moſt terrible 1 
Pl when confined. This power is uſefully employed in me- 
| chanics, of which application the engine for raiſing water, com- 
monly called the ſteam engine, is an admirable inſtance, well 
known both to philoſophers and artiſts u. 

5. According to one of the moſt conſtant laws of the affinity 
of compoſition, it has a ſtronger tendency to combination in this 
| ſtate, wherein its aggregation is the moſt feeble, than in either of 
the two others. Chemiſts have frequent occaſion to obſerve with 
what rapidity water, in the ſtate of vapour, diffolves ſalts, ſoftens 
extractive and mucilaginous matters, corrodes and calcmes me- 
tals, &c. | | 
6. It is perfectly difſolved in air. When it is ſlowly depofited 
| out 2 the atmoſphere, it conſtitutes dew. This diffolution is 
performed in the ſame manner as thoſe of ſalts in water, as M. 
Le Roi, phyſician at Montpellier, has ſhown in an excellent diſ- 
ſertation on the elevation and ſuſpenſion of water in air. Me- 
langer de Phyſique et de Medicine, Paris, 1771, 8vo. 

7. One of the moſt fingular phenomena reſpeCting water in 
| 2 ſtate of vapour, is the property it poſſeſſes of accelerating the 
combuſtion of oil when on fire; as is ſeen in the experiment of 
the eolipile applied to the enamellers lamp, or to common fires 
of pit-coal or wood, or fats in a ſtate of inflammation, which 
cannot be extinguiſned by water, and even the burning of which 
it increaſes. Theſe phenomena induced Boerhaave to conclude 
that flame is, for the moſt part, compoſed of water. We ſhall 
preſently ſee that this happy conjecture of Boerhaave, nearly ap- 
proaches to the modern diſcoveries on water; as we ſhall ſhow 
that this fluid increaſes the flame, in conſequence of its being 

tlelf decompoſed by the combuſtible bodies. 


8. Laſtly, Water in the form of vapour, and diſſolved in the 


| al, is condenſed and precipitated in part when expoſed to a 
| degree of cold ſome degrees above the freezing point, 'it then 
reſumes its liquidity, as is ſeen in the falling dew. Sometimes, 
| when the cold is beneath the freezing point, it 15 converted into 
ſmall cryſtals of ice. Such is the origin of thoſe ramified in- 
cruſtations of ice formed on the internal ſurface of the glaſs in 
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windows during intenſe froſts; and the fame cauſe in Siberiz 
and other very cold climates, converts the moiſture of the breath 
into a kind of ſnow. | 


6 2. Concerning the Chemical Properties of Water. 


There is no body ſuſceptible of a greater number of combing. 
tions than water; hence it has long been called the grand . 
vent of nature. It is on this account that the waters of the 
fea, of lakes; rivers, ſprings, and fountains are very far from he. 
ing pure, and always contain various foreign matters, eſpecially 
faline ſubſtances. N 5 

Water may combine with air in two different manners: 1, I 
may abſorb this elaſtic fluid, and become charged with it while 
in its liquid ſtate. It is to its combination with air that it owe 
its freſh and agreeable taſte; The exiſtence of air in water has 
long ſince been diſcovered by means of the air pump; for in 
proportion as the air above the water 18 exhauſted, the eſcape 
of bubbles ſhows that it likewiſe contained air. By diſtillation of 
water in the pneumato-chemical apparatus, air is obtained. When 


water is boiled, the firſt bubbles are cauſed by the eſcape of air, 


and the lively taſte no longer remains; but this laſt is reſtored 
by expoſure to the air, or more quickly by agitation therein, 
2. The air diſſolves water, and renders it elaſtic and inviſible 
when it poſſeſſes a certain degree of heat; the hotter it is, the 


more water it will hold in ſolution. M. le Roi, phyfician at 


Montpellier, has examined very minutely into the ſtate of the 
water in the atmoſphere. The ingenious experiments he hat 


made, ſhow that heated air, apparently dry, when encloſed in: 


glaſs veſſel, depoſits, on cooling, the water it was overcharged 


with, which appears in drops; that this quantity is different ac- 


cording to the temperature of the air; that it is precipitated di- 
ring the night, and conſtitutes a particular kind of dew. He even 
thinks, there is reaſon to .conclude from theſe facts, that the v 
riations of the weight of the atmoſphere depend in part upon 
this water, which abounds more or leſs, as the temperature 
varies . | : 

Though the order we have adopted ſeems to require that we 
ſhould not yet enter into the conſideration of ſaline matters, ve 
muſt, nevertheleſs, obſerve in this place, that water diſſolves thele 
matters very readily, and always contains a certain proportion of 
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them. Calcareous ſalts, in particular, are ſubſtances which com- 
municate diſagreeable and often noxious qualities to the waters 
of wells, brooks, and rivers. The carbonic acid, clay, iron, 
and the extracts of vegetables altered by putrefaction, are like- 
wiſe found in waters. Waters thus vitiated, are very unfit 
to be uſed as drink; ſuch as abound with calcareous earth are 
called crude or hayd water; their taſte is flat, and they pro- 
duce 2 ſenſe of e On the ſtomach 3 they retard digeſti on; 
ſometimes they have the effect of purgatives, and the uſe of them 
may even be productive of dangerous conſequences. It is there- 
fore very neceſſary to poſſeſs the means of knowing them, of de- 
termining with what ſubſtances they are vitiated, and of extract- 

ing thoſe ſubſtances where it ean conveniently be performed. 

Water proper to be drank is diſtinguiſhed by the following 
characters: It is very clear and limpid, its tranſparency being 
altered by no foreign ſubſtance z it has no kind of ſmell; its taſte 
is lively, freſh, and in a manner penetrating ; it boils readily, and 
| without loſing its tranſparency by the ſeparation of any ſubſtance; 
it diſſolves ſoap, ſo as to form an homogeneous fluid without 
clouds or lumps z it boils leguminous vegetables without com- 
municating hardneſs to them. On the addition of the liquids 
| called re- agents, ſuch as alkalis, or the nitrous ſolutions of mer- 
cury or filver, it does not ſenſibly loſe its tranſparency. And, 
laſtly, it paſſes readily through the ſtomach and inteſtines, and 
promotes digeſtion. All theſe good qualities are found in the 
water of a ſpring or a river which paſſes through a ſandy ſoil, is 
agitated by a conſtant motion, and is not charged with putrefy- 
ing vegetable or animal matter. It is a neceſſary condition, 
therefore, that no common ſewers or drains ſhould paſs into it ; 
that its current ſhould not be impeded or rendered ſlower by ob- 
ſtacles, or by the water being drained off in too great quantities; 
that the watering of hemp, or the waſhing of clothes in ſoapy 
liriviums ſhould not be performed in it, &c. &c. On the con- 
trary, ſuch waters as ſtand without motion in ſubterraneous ca- 
ſities, which come. from a calcareous or gypſeous ſoil, have no 
real current, abound with plants and inſects, have little depth, 
and reſt on a muddy bottom, compoſed of putrefied vegetables, 
poſſeſs properties altogether the reverſe of thoſe we have point- 
ed out as good. Their taſte is either flat or nauſeous; their 
imell mouldy or lightly putrid; their colour often green or yel- 
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lowiſh, with mucilaginous or fibrous green or brown remains of 
vegetables in a ſtate of putrefaction floating therein; they give 


a green colour to vegetable blues; become turbid by boiling; 
form clouds with ſoap ; harden pulſe by boiling ; afford precipi- 
tates more or leſs abundantly by means of the re- agents; and, 
laſtly, they produce a ſenſe of weight at the ſtomach, paſs with 
difficulty through the inteſtines, and impede the action of the 
digeſtive powers. 

To correct theſe bad qualities, ſeveral methods are employed, 
entirely grounded on chemical or phyſical conſiderations. 

1. Stagnant waters are ſet in motion by digging a canal with 
a proper declivity, where the ground will admit of it ; agitating 
them by means of mills, or cauſing them to paſs through the air 
in the form of jets, caſcades, &c. Theſe methods facilitate the 


evaporation of the noxious gas and putrid ſpiritus rector the wa. 


ter may contain, cauſe impurities to ſubſide by uniting them into 
larger maſſes, and occaſion the e of a proper quantity of 
atmoſpheric air, &c. 

2. Marſhes and ſtanding waters are to be cured by carrying 
away the vegetable and animal matters which are- ſuſceptible of 
putrefaCtion, and which prevent the due courſe and conſequent 
agitation of the water. 

3. Water is filtered inyjars or other apparatus, whoſe bottoms 
are covered with fine ſand and ſponges ; theſe are to be renewed 
from time to time. 'The beds of ſmall rivulets are cleared of the 
mud, and a proper quantity of ſand placed inſtead thereof. 
4. Theſe methods purify water, by ſeparating the heterogene- 
ous matters that float therein, but do not deprive it of the faline 
ſubſtances it may contain. To ſeparate theſe, it muſt be boiled 
and decanted after ſubſidence, or filtrated through paper, or clear 
white ſand, and expoſed to the air in ſhallow earthen or ſtone 
veſſels. It may then be uſed for common drink without danger; 
for ebullition takes away the diſagreeable flavour, and cauſes a 
part of the calcareous ſalts to precipitate from hard waters. Wa- 
ter for theſe purpoſes ſhould be kept boiling for half an hour, or 


till it has acquired the property of diſſolving ſoap, or in pulſe, 


without rendering them hard. 

5. If ebullition be found inſufficient to deprive waters of the 
calcareous ſalts, as commonly happens when theſe matters are in 
great abundance, a ſmall quantity of potaſh muſt be added in the 
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bürgt or, if tliat be not at hand, wood aſhes may be uſed. 
Theſe occaſion a precipitation; and the water, after decantation 
and expoſure to the air, is perfectly wholeſome. 

6. Subſtances proper to counteract or prevent the bad effects 
or noxious qualities of water may be added, ſuch as ſugar, honey, 
meal, barley, wheat, pot-herbs, or labiated and aromatic vege- 
tables. But theſe additions do not communicate the lightnefs and 
other good qualities of pure water, and, in n, W ſubſtitute 
one taſte for another p. 
tend to the conſideration of i its power as an agent m combina- 
tions, into a great number of which it enters; but in many of 
theſe it ſuffers a ſingular alteration, which has not been till with- 
in theſe few months diſcovered (April 1784), and which deſerves 
all the attention of chemiſts: It has been long known that wa- 
ter, in certain caſes, favours combuſtion, as in the enamellers 
lamp, the inflammation of oil, at great fires, & c.; and ſome phi- 
loſophers have tliought it might be concluded from theſe facts 
that water is converted into air. It is to ſeveral French acade- 
micians that we are indebted for a more accurate knowledge of 
theſe phenomena of the nature of water. Lavoiſier having re- 
marked with Mr. De la Place, that when inflammable gas is 
burned with vital air in cloſed veſſels, pure water is produced (a 
fact which Mr. Monge obſerved, with the greateſt preciſion, in 
the laboratory of The School de Meziere, nearly at the fame 
time with himſelf), thought it juſt to conclude, - that- water was 
formed in this experiment by the combination of pure and of in- 
flammable gas; which he regarded as its conſtituent principles, 
This theory of the nature of water, by which M. Lavoiſier de- 
prived it at once. of its prerogative as a ſimple body and as an 
clement, met with ſuch oppoſition, as convinced him that the 
decompoſition of water was a proof neceſſary to be added to the 
ſynthetical examination of that ſabſtance. He therefore endea- 
voured to decompoſe this fluid, by preſenting to it ſuch bodies as 
might be expected to ſeparate one of its principles: He aſſociat- 
ed himſelf with M. Meuſnier for the purpoſe of making theſe in- 
quiries; and theſe two philoſophers read a Memoir at the Royal 
Academy of Sciences, the 21ſt of April 1784, wherein it is prov- 
ed that water is not a ſimple ſubſtance, but is compoſed of the 


= 1 inflammable gas and pure air, or oxygen, which may be 
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eafily ſeparated from each other. To obtain them ſeparate, M. 
Lavoiſier firſt made uſe of the following proceſs : He placed in 


ſmall glaſs veſſel, inverted over mercury, A known quantity of 


very pure diſtilled water and iron filings. The metal was gra. 
dually and ſlowly calcined, and an elaſtic inflammable fluid wx 
collected above the mercury; the quantity of water becoming 
leſs in proportion as the two phenomena were produced, After 
a length of time, the iron may be had entirely calcined, and the 
water totally decompoſed ; for it is this fluid, which, according 
to Mr. Lavoiſier, affords the inflammable gas, and calcines the 
iron. As it is compoſed of oxygen and the baſe of inflammable 
gas, the iron by degrees attracts and combines with the former, 
with which it forms a metallic oxyd, at the ſame time that it dif. 
engages the inflammable gas. Such was the firſt experiment by 
which this learned chemiſt decompoſed water ; but in his expe. 
riments with Mr. Meuſnier, he employed a much more ſhort and 


concluſive proceſs. He cauſed water to paſs, drop by drop, 


through a gun-barrel, placed in a furnace, and kept at a red heat: 
The water in the ſtate of vapour is decompoſed by the contact of 
the iron; the oxygen it contains becomes fixed in the iron, as is 
proved by the augmentation of its weight, and the ſingular alte- 
ration it undergoes; and the baſe of the inflammable gas, ſet at 
liberty, paſſes ſwiftly through the gun-barrel, and is received in 
inverted glaſſes, properly adapted at the other end. By repeating 
theſe experiments with all poſſible accuracy, theſe philoſophers 
found, that water contains ſix parts of oxygen united to one of 
the baſe of inflammable gas, and conſequently that this laſt con- 
ſtitutes only a ſeventh part of the compound; that it is nearly 
thirteen times as light as atmoſpheric air, and may occupy a 
ſpace fifteen hundred times greater than it Argh in its aqueous 
combination. 

Water appears to be capable of Aung i in the ſame manner on 
many other combuſtible bodies, and reduces them, with different 
degrees of facility, to the ſtate of burned bodies, affording at-the 
ſame time inflammable gas. In this manner, it has been decom- 


| poſed by zinc, charcoal, and oils. The experiment with this lat 


mentioned ſubſtance, is made by letting water fall, drop by drop, 
into boiling oil, in a retort, whoſe neck is plunged in water beneath 
the uſual pneumatic chemical apparatus; but it requires greit 
precaution to avoid the exploſions which take place from the wi 
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let riſing * in the neck of the retort, in conſequence of the va- 
cuum formed within duririg the ebullition. In order to know 
whether a combuſtible body, as a metal or charcoal, &c. is ca- 
pable of decompoſing water, nothing more is neceſſary, than to 
lunge it red hot into a veſſel of water, over which is inverted a 
glaſs veſſel, likewiſe filled with the ſame fluid: The inflammable 
gas, which is always diſengaged when water is decompoſed, will 
be collected under the glaſs veſſel. This is the cauſe of the hub- 
bles produced by plunging red-hot iron into water, and the in- 
flammable air collected in that caſe, as has been obſerved by 
Meſſrs. Haſſenfraſt, Stouttz, and d'Hellancourt, of the Royal Mi- 
neralogical School of France. The ſame difengagement of in- 
fanimable gas, produced by the decompoſition of water, takes 
place when ignited charcoal is plunged therein. 

Theſe are the facts lately diſcovered concerning the nature 
ind compoſition of water; Meſſrs. Lavoiſier and Meufnier there- 
fore think that this fluid is compoſed of ſix parts of oxygen, and 
one of the baſe of inflammable gas; or, more accurately, 0,86 of 
the former, and 0,14 of the latter of theſe ſubſtances : That iron, 
charcoal; and oils, having a greater affinity with oxygen than the 
laſt has with the baſe of inflammable gas, ſeize it, and decompoſe 
the water entirely; the inflammable air eſcaping in an elaſtic 
form: That water is recompoſed by burning theſe two kinds of 
ar together, which, if carefully performed, affords a quantity 
equal in weight to that of the two fluids made uſe of: That wa- 
ter is thus produced in a great number of chemical operations; 
3s for example, when ſpirit of wine or oils are burned under a 
chimney, adapted to the worm-pipe of a ſtill, whoſe other extre- 
mity is adapted to à recipient, a quantity of water is collected, 
which is almoſt always greater than that of the inflammable fluid 
made uſe of; which is occaſioned by the inflammable gas bf theſe 
liquids combining with the vital air of the atmoſphere, by which 
their combuſtion is maintained | 
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* This very common ad Umgreeable cdu attendant on chemiral opera- 
tions, is prevented by Mr. Babington, of Guy's Hoſpital, by a ſimple and i ingeni- 
dus contrivance. The part of the apparatus plunged in the water is made of a 
conſiderable diameter, and is immerſed to ſuch a depth, that the ſubſidence of the 
eternal ſurface of the water is ſufficient to ſuffer air to enter, before the internal 
vater has riſen ſo as to reach the body of the veſſel. In caſes where the admiſſion 


atmoſpheric air would do harm, he injects phlogiſticated air, when the aſcent 2 


| O the water ſhows i it to be neceſſary. T. 
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M. M. Van Trotzwick and Deiman have diſcovered that wa. 
ter is decompoſed by the paſſage of the electric ſpark z and that 
it is ſeparated into two elaſtic fluids, which inflame and recon. 
poſe water, when this ſpark is excited in them. This beautiful 
experiment affords a ſufficient anſwer to the greater part of the 
objections which have been made to the decompoſition of this 
ſubſtance. See Journ. de Phe for 1783, and the Ann. de Chen, 
tom. 4. 

Theſe diſcoveries, and the Genen theſe philoſophers have de. 
duced from them, will, no doubt, conſtitute one of the moſt bril. 
liant periods of philoſophical ſcience. But as it is of the utmoſt 
conſequence to examine the reſults and conſequences with all 
poſſible care, we think it proper to make ſome obſeryations in 
this place, in order to en this JOE more . and accu- 
1 VVV | 

We have obſerved; that all aeriform fluids owe their . 
Nate to the matter of fire or heat which is united to them. It is 
the ſame with inflammable gas. Now, as the decompoſition of 
water, and its converſion into inflammable gas, never take place 
but at a temperature conſiderably elevated; and as its rapidity is 
greater in proportion as the heat is ſtronger; we ſee that this gas 
does not poſſeſs the aeriform ſtate, nor acquire ſo much levity, 
but becauſe its baſe, which partook of the liquidity of the water, 
abſorbs a great quantity of heat; ſo that it cannot be obtained 
but in this ſtate of extreme fuſion. It is neceffary, therefore, to 
give a name to this baſe of inflammable gas, which, when iti 
combined to that of vital air, or oxygen, in water, may even be- 
come ſolid, as is conceived in ice. This baſe, conſidered as one 
of the eſſential principles of water, ought to have a name expreſ 
ſive of this property. We have adopted the word hydrogen, 
which very well anſwers the propoſed intention: We ſay, there. 
fore, that water 1s a compound of the baſe of vital air, or oxygen, 
and the baſe of inflammable gas, or hydrogen; and as many bo- 
dies are inflammable in the ſtate of elaſtic fluids, ſuch as alcoho, 
ether, the volatile oils, & c. we diſtinguiſh this principle of wi 
ter, in the aeriform ſtate, by the words hydrogenous gas. 

We ſhall return to this important ſubject in another chapter 
Tt is ſufficient to have ſhown in the preſent, that water is not 
ſimple ſubſtance, but is ſuſceptible of decompoſition. Nature, in 
the large way, effects the diſunion of its principles * much 
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more facility, and by a greater number of proceſſes than art poſ- 

ſeſſes. It is by its decompoſition that water ſerves to purify the 

atmoſphere, by emitting vital air; that large quantities of inflam- 

mable gas are diſengaged from ſtagnant water; that the atmo- 

ſphere is ſometimes ſo highly charged with it, that the re- eſta- 

pliſmment of the equilibrium of the electric fluid ſets it on fire, 
and gives riſe to fiery meteors; that water contributes to the for- 

mation of ſaline matters, acids, of which oxygen is conſtantly 

one of the principles. Laſtly, This brilliant diſcovery of the 

principles of water, its decompoſition and recompoſition, throws 

great light on many phenomena of nature; and, in particular, on 

the renewal of the atmoſphere, the ſolution of metals, vegetation, 
fermentation, putrefaction; as we ſhall fully explain in the ſeve- 
ral chapters of this work d. 


: 
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NOTES ON CHAPTER VII. 
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Tur quantity of caloric diſengaged during the converſion of a pound of wa- 
der into ice, is, according to Dr. Black, the original diſcoverer of this important 

act, equal to 1400 of Fahrenheit. Lavoiſier eſtimates it at 5 leſs. See Crawford 
en Animal Heat, p. 72, 73. Lavoifier's Elements of Chemiſtry, Edin. edit. p. 432, 433. 

d When water is cooled down to 40? of Fahrenheit, it ceaſes to contract by the 
farther diminution of its temperature, but, on the contrary, begins to expand till 
it arrives at the freezing point, when an inftantaneous and more conſiderable ex- 
panſion occurs. This fact was firſt noticed by De Luc, and afterwards confirmed 
by Sir C. Blagden, See Pbil. Tranſ, Vol. LXXVIII. 


© The force with which the water expands, while converting into ice, is ſo | 


great, as to be almoſt incredible, Several philoſophers have endeavoured to mea- 
ſure the degree of this force; and from their computations it would appear that 
the expanſion of a cubic inch of water, during its converſion into ice, is ſufficient 
to raiſe a weight of 2700 lb. The knowledge of this fact affords a ready explana- 


tion of the manner in which trees are often ſplit, and even the hardeſt rocks rent 


aſunder, during intenſe froſt. | 

d This explanation is by no means adequate to account for the phenomenon. 
The force with which the ice expands is greater than what can poſſibly ariſe from 
the ſucceſſive diſengagements of ſmall portions of ſo compreſſible a fluid as air; 
and beſides, it is known that the volume of a given quantity of water, deprived 
completely of its air by boiling, or by means of the air pump, is very ſenſibly in- 
created during its converſion into ice. We are, therefore, inclined to aſcribe, with 
M. Mairan (in his Deſertation fur la Glace), this increaſe of bulk to the new, re- 
gular, and cryſtallized arrangement which the particles of water aſſume in freezing. 

© The ſpecific gravity of ice is ſaid to be about - Toth leſs than that of water; 
but it muſt gbviouſly vary in proportion to the quantity of air which the water 
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tion, &c. Hence ice formed from water previouſly deprived of its air is found to 
be harder, more tranſparent, and heavier than common ice. 


f This expreſſion is perhaps too general; for not only water, but ſome of the 


metals (iron for example), appear to expand à little in paſſing from the liquid to 
the ſolid late. We have a proof of this in the very ſtrong impreſſions metals 
receive from the moulds in which they are caſt, 

E Ice evaporates alſo at a temperature below that at which it melts into water. 


This is proved not only by the diſappearance of hoar froſt ſrom poliſhed plates af 


metal during their expoſure to dry froſty winds, but alſo by direct experiments, in 


which the weight of ſolid pieces of ice was diminiſhed by expoſure in the ſame 


circumſtances. This evaporation or ſolution of ice in air takes place likewiſe in 
ſituations where there is no current of air, and even in air confined in cloſe vel. 
ſels. Sauſſure relates an experiment on this ſubject, which ſeems to be deſerving 
of notice. Into a glaſs globe, containing about a cubic foot and a quarter of air, 
he introduced a ſmall linen roller, which had been previouſly moiſtened with wa. 
ter, and congealed by expoſure to the cold. In this ſtate the roller weighed 25,003 
grains. The temperature of the air in the room was kept at 2? 7-Ioths below zerg 
of Reanmur's ſcale, At the end of 24 minutes, a hygrometer placed in the globe 
plainly indicated an increaſe of humidity in the air; and this inereaſe continued to 
go on for three hours. During this period, the roller loſt x 78-1 0th grains in 
weight. See Phil. Tram. Vol. LXI. p. 326, Sauſſure's * fur I e etrie, 
P- 186, 353. 

b Mr. Kirwai has made ſome uſeful experiments on the expanſion of water by 
caloric at different degrees of temperature. He finds the weight of one cubic iuch 
of water to be 253,182 grains Troy, or the weight of one cubic foot to be 1003 
Avoirdupois ounces, when the temperature of the water is at 629 of Fahrenheit. 
See Phil. Tranſ. Vol. LXXV. p. 267. 

i Mr. Watt found that water would diſtil readily in a vacuum, when of the 
temperature of 700 of Fahrenheit; and that in this caſe the combined caloric of 
the ſteam is not leſs than 1200 or 1300 degrees. : 

k It appears from the experiments of Scheele, Prieftley, and others, that water 
abſorbs the oxygenous part of atmoſpheric air in preference to the azotic. When 
we expoſe water that has been deprived of its air to a given quantity of atmoſphe- 
rical air, this air is gradually diminiſhed in volume ard purity, and the air abſorb- 
ed by the water is found to contain a greater proportion of oxygen gas than is . 
turally contained in an equal volume of the atmoſphere. 

L Dr. Black firſt diſcovered that water, in paſſing from the liquid ſlate to that 
of an elaſtic fluid, abſorbs a quantity of caloric, which becomes latent, or which 
does not add to its temperature. He endeavoured to aſcertain the quantity of this 
caloric, by comparing the time neceſſary to raiſe the temperature of water a cer- 
tain number of degrees with the time neceſſary for its evaporation in the fame cit. 
cumſtances, From his experiments, he computed it to be not leſs than 80? of 
Fahrenheit. By his directions, Dr. Irvine of Glaſgow tried to meaſure the quat- 
fity of caloric given out by ſteam during its condenſation in the refrigeratory of a 
common ſtill, and found it to be not leſs than 774% Mr. Watt, who repeated 
with great care the experiments of theſe two philoſophers, eſtimates the quantit} 
of caloric evolved during the condenſation of ſteam at 950 27 881 See Phil. 
Tranſ. 1784, p. 352. 

m From an experiment made by Dr. Black and Mr. Watt, it was found that 
water in the form of ſteam occupies a ſpace pe times greater 8 in its ordinary 
* Is ſtate, 


# 


2 Various attempts have at different times been made to meaſure the elaſtic 
force of ſteam in different degrees of temperature. It is to be regretted, however, 
that the experiments made with this view have not been ſufficiently numerous to 
afford any very extenſive ſcale. The following table, taken from the article 
Stem, in the 17th volume of the Encychpedia Britannica, is the fulleſt that hat 
come within my notice. The reader will do well to conſult the whole of that ar- 
ticle, as it contains much curious and original information, expreſſed with great 
perſpicuity, elegance, and preciſion. Column firft indicates the temperature to 
which the ſteam was ſubjected; column ſecond, the elaſticity of the ſteam in theſe 
different degrees of temperature, as aſcertained by the aſcent (in inches) of the 
mercury in the barometrical tube. 
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Temperature. Elaſticity. 
. yu? . 4 28 ©,0 
40 e — - O,T 
50 . — * o 
60 1 by = 0,35 
70 os 5 ws «5 
30 . - 0,83 
90 — 8 1,25 
100 Jn FA - 1,6 
110 - - - - 2,25 
120 1 75 > . 3,0 
130 - 3 0 3,95 
140 — F 2 515 
150 - - 6,7 * 
160 - - - 8,65 
170 - . - . II,o5 
180 - - - I4,05 
190 - - - - 17,85 
200 - - - 22,62 
210 - - - . 28,65 
220 - — - 35,8 - 
230 " 8 - - 44,7 
2240 - - £ 54:9 
250 - - - - 66,8 
266 — 8 - 80,3 
8 e 5 94. 
280 - — - 1059 


o The foluhility of water in air is a fa highly deſerving of the attention of 
chemiſts, as this circumſtance may often occaſion conſiderable variations in the re- 
{vt of experiments which require great degrees of accuracy. The property of ab- 
lorbing water does not ſeem to be confined to atmoſpherical air, but to be com- 
mon to moſt, if not all, bodies capable of aſſuming the elaſtic form. Our knows 
edge of this ſubje& is, however, at preſent extremely limited; nor has it hitherto 
obtained that attention which its importance demands. Sauſſure (Eſais, p. 231.) 
relates ſome experiments which prove the ſolubility of water in hydrogenous gas, 


nd in carbonic acid gas; but he has omitted to mention the quantity theſe fluids 


de capable of diſſolving. 
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The ſcale of temperature in this table extends from 10? below zero to 30% . 
above it in Reaumur's thermometer. The diviſions include only five degrees. In 
order that the reader may underſtand the degrees of the hygrometer, it is only 
neceſſary to remind him that Sauſſure employs the elongation of hair as the mea- 
ſure of the humidity of the air; and that the ſcale of his hygrometer, from the 
wm of extreme dryneſs to that of extreme humidity, is divided into 100 degrees. 


Tabl. E II. Of the Pian of the Diſſolving Power of the Air in different 
Degrees of Rarefaction, 


Height of Barometer, Experiments of the Diminutions. 
Inches. Lines, 
| 9 = - - _.T,p000 1 

23 7 1-half 2 7 o, 528 | | 
20 3 2 1 - — o, 8899 | | 
I6 Io I-half - - — 09,8264 1 s 
: . rr 5 o, 7629 1 | 
10 I I-half =» - - 0,6887 | 1 
ow oo” - = ' 0,6240 | 11 
3 + 41-half - - - _ ©,431T | 4 | 
0 2 1-half = = -  0,0485 


Dr. Hutton of Edinburgh has made a very happy application of our knowledge [ 
of this ſubje& to explain the production of rain. The diſſolving power of the air, | 
he obſerves, muſt be either in the ſame ratio with the increaſe of temperature, or 
it muſt be in a leſs or in a greater ratie. If in the ſame ratio, the temperature of j 
two equal portions of air, ſaturated with water, and mixed together, at different it | 
temperatures, will be found to be the arithmetical mean between the extreme tem- | \ ; 
peratures; ſo there will be no precipitation of water, If in a leſs ratio, then it is 1 
enident that the mixtures of two portions of ſaturated air, at different tempera- 
tures, will produce no condenſation of water; but, on the contrary, will be capa- 
ble of diſſolving an additional quantity of that fluid. If in a greater ratio, the 
mixture of the two ſaturated portions of air will produce a condenſation. of water. 
t is this Jaſt caſe, only that can be applied to explain the phenomena of vapour, 
and the formation of rain. According to this hypotheſis, therefore, whenever two 
ſtreams of air, or two contrary winds, of different temperatures, meet together, 
vapour or rain muſt neceſſarily be produced. For the numerous facts in proof of | | 
this ingenious theory, ſee Diſſertations on Different Subject of Natural Philoſophy: 1. 

t may not be improper to remark that water exiſts in the air alſo in a- vilible 5 "| 

hom, as in ſogs, clouds, &c. Sauſſure calls theſe vapours veſicular, becauſe, like an 
ſteam, they conſiſt of veſicles, or ſmall hollaw ſpheres. In this ſtate there is na "i. | 
true combination, but merely a mixture of the particles of the water with the air. 
Sauſſure conjectures that it is the electrical fluid which ſurrounds theſe veſicles, 
and prevents them from diffolving in the air, and forming with it a true combina- 
tion, Theſe veſicles exiſt only in an atmoſphere ſaturated with vapour, and are 
9% be from 1-380 to I-I90 of a line in diameter. Eſais ſur  Hygrometrie, 
p. 282, 

Count Rumford, lately Sir B. Thompſon, has made a ſingular diſcovery with 
reſpe@ to the non- conducting power of water for caloric. It had always been ſup« | | 
| Poſed that caloric was diffuſed in all directions through water in preciſely the ſame 
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manner as through ſolids of every kind. From a ſeries, however, of ingeniouſ 
contrived experiments, this philoſopher has been led to infer, that although 2 
particles of water receive caloric from other bodies, and communicate it to them 
again, yet that among the particles of this fluid themſelves no communication df 
caloric whatever takes place. Caloric, according to this hypotheſis, is diffuſed i 
water ſolely by the motion of thoſe particles which have had their ſpecific gravity 
increaſed or diminiſhed in conſequence of a change in the ſtate of their temper, 
ture. This diffuſion, therefore, may be obſtructed, either by diminiſning the fi, 
dity of water, or by mixing with it ſubſtances that mechanically retard the motion 
of its particles. The effect of theſe cauſes is very fully evinced by a number af 
comparative experiments. 

The bulb of a very ſenſible thermometer being placed in a proper apparatus, 
was ſurrounded ſucceſſively with equal quantities of pure water, a ſoluticn of 
ſtarch in water, ſtewed apples, and a mixture of water with eider down, and in 
this ſituation ſubjected to different degrees of temperature, The two following 
tables exhibit the reſults of a great . of experiments. 


Time the Heat was in paſſing into the e 
Through a mix- Through a mix- | 1 5 
ure of 2276|ture of 2276 Through flew Through pur 
of water, grains of water,: ing 49-50 of pure a e 
d =_ grains|and 192 grains| >. * 
ſtarch of eider down. : 
| ——— . — 
| Seconds. | Seconds. A Seconds. Seconds, 
DET q-* = 
from 322 tof | 101 | 83 9 92 45 
8. to 60 72 5 71 35 1-half 
80⁰ 64 3 58 1-8th 32 1-half 
100 63 52 62 1-half| 30 
_ 74 $7 69 E-half 36 1. hal 
| 
1600 15 93 6 117 61 1-hall 
180⁰ 17 133 179 91 J- bal 
200? 453 362 220 1-half 
Total time | „ . | SOS To; 
in heatin | | 
the inftru- if 1109 949 10h 1-half 597 
ment from || 8 | 
32? to 2009 1 | 
felt he in | | | 
— C 335 172 
r. N | | 
80? to 1660 | 7 | * 


* + a _ * Py a da. 


Time the Heat wvas in paſſing out of the Thermometer. | 
Through thc Through the pn. e 2 | 
ixture of water mixture of water N oY het 23 i 
and ſtarch. and eider down. * | . 
_ EY Seconds. Steoncb. 
in coohing | | | 
„ 
01 $89 : N | 
iſo? to 1600 66 S - 61 73 1-half] 39 1-half 
| 140 | 74 | 73 | 83 1-half 43 
120 92 91 104 52 T-half 
100? 1179 120 138 T-half 73 | 
„ 177 194 108 1-half 
60" 2034 -+-þ 20 >; ES 202 
40 672 673 | 754 47% 
* lng I 548 . 1541 | | I749 i-half | 1032 
n cooli | 
. 


Accidentally perceiving the motion of ſome fine particles of duſt in a ſpirit of 
wine thermometer, this philoſopher was led to contrive the means of exhibiting 
to view thoſe internal motions of the particles of water which accompany every 
change in the ſtate of its tenaperature, - To render this motion viſible, he mixed a 
{mall quantity of amber, finely pulverized, with water, the ſpecific gravity of 
which had been raiſed to the fame ſtandard by the addition of an alkaline alt. 
On plunging a glaſs globe, with a long cylindrical neck, containing this mixture, 
into boiling water, ſome very intereſting phenomena were obſerved. 

« Two currents, in oppoſite directions, began at the ſame inſtant to move with 
great celerity in the liquid in the cylindrical tube; the aſcending current occu- 
« pying the ſides of the tube, while that which moved downwards occupied its 
„ axis. 0 : 

„As the ſaline liquor grew warm, the velocity of theſe currents gradually di- 
© miniſhed; and at length, when the liquor had acquired the temperature of the 
* ſurrounding water in the jar, theſe motions ceaſed entirely. 

On taking the glaſs body out of the hot water, the internal motions of the li- 
* quor recommenced, but the currents had changed their directions; that which 
* occupied the axis of the tube being now the aſcending current. 

« When the contents of the glaſs body had acquired the temperature of the ait 
* of the room, theſe motions ceaſed ; but they immediately recommenced on ex- 
* poling the inſtrument to any change of temperature. | 

* The motions in oppoſite directions in the liquid in the tube were exceedingly: 
rapid on the ſudden application of a ſtrong heat, and afforded a very entertain- 
* ing fight: But to a fcientific obſerver they were much more than amuſing; 
* they detected nature, as it were, in the very act, in one of ker moſt hidden ope- 


* rations, and rendered motions viſible in the midſt of an inviſible medium, which 
never had been ſeen before, and which moſt probably had never been ſuſpect- 


« ed.“ ; 
lt ſeemed to follow as an obvious concluſion from theſe phenomena, that caloric 
| fannot be propagated downwards in water while the particles of that fluid conti- 
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nue to be condenſed by cold; but the truth of ſo ſingular a concluſion required g 
be confirmed by ſtill more deciſive experiments. 

A circular cake of ice, 3 1-half inches in thickneſs, and weighing 10 1-$th 
ounces, was introduced into a glaſs jar, containing 6 Ibs. x I- 4th ounces of Water, | 
at the temperature of 212® of Fahrenheit. The ice was entirely melted in 2 mi. 
Ft nutes and 58 ſeconds. | 
Il! A ſimilar cake of ice was faſtened down to the bottom of the ſame jar, and wn. 
| [ | ter nearly boiling hot poured on it in this ſituation. A circular piece of paper hag 
been previouſly interpoſed, to prevent the ſtream of water from impinging dired. 
ly on the ice. In this experiment it was ſome time before any ſigns of melting 
could be perceived. After the thermometer had been in the jar one minute, the 
temperature was found to be 180“; after 12 minutes, the temperature 1 inch he. 
9 6 low the ſurface 170“; at the depth of 7 inches, or one inch above the ſurface of 
FEY the ice, 169 1-209 While at only 3-4ths of an inch lower, or I-4th above the ſur. 
i 14 face of the ice, its temperature was 40d. When an hour had elapſed, the tempe- 


nn 


— a ; _ 2 
Menon — T „ͤ— ooo 
4 * 


; | rature at the ſurface of the ice was - „ go® 

h f 1 inch above it, - - 80 

. 2 inches, nn” - 12 

q j 3 inches, - | - 1289 
1 4 inches - „ 
BY | 7 inches, „ — 1310 

| When two hours had elapſed, at the ſurface of the ice, 40? 
in - x inch, 5 . rugs 
Fi 2 inches, s . 94 
1 3 inches, e e e 1069 

\ b 4 inches, - - * mal: 
1 | 6 inches, — - — 108% 1-4th 
Et 7 inches, - —_ 108 1-half 
Ft By now pouring off the hot water, it was found that 5 ounces 6 grains troy, of 
£1 ice, had been melted. But in conformity with the hypotheſis, that water is a 


Kt perfect nonconductor of heat; how could this quantity, ſmall as it was, have been 
| . melted? The manner in which our author endeavours to account for this is er- 
b | tremely ingenious. It appears, he obſerves, from the experiments of Sir C. Blag- 
1. den, that the ſpecific gravity of the particles of water at the temperature of 320 mul 
14 be conſiderably leſs than the ſpecific gravity of the ſame particles at the tempe- 
| Þ | rature of 40% Now, as in pouring hot water on the ice, the temperature of the 
particles of the water in contact with the ice is immediately reduced to 320; theſ 

particles muſt neceſſarily have a tendency to riſe and to occupy the place of th: 
| warmer, heavier, and conſequently deſcending particles. If this be in reality the 
way in which the ice is melted, then it becomes obvious, that caloric can only be 
f propagated downwards in water, the temperature of which is reduced below 4), 
$3 for this is the point in which it begins to be expanded by every ſubſequent dimi 
1 nution ef temperature. Reaſoning on theſe data, Count Rumford was led to adept 
the following very remarkable concluſion, namely, that water, at the temperature 
of 400, muſt be able to melt as much ice in any given time when ſtanding on its 
ſurface; as an equal volume of water at the temperature of 212% This conch 
ſon was ſoon verified by experiment. Uſing every precaution to avoid inaccuracf 
zu the calculations, it appeared that not more than 152 grains of ice were melted 
by the boiling water during the ſpace of the firſt ro minutes. The quantity of 
jce melted by water at the temperature of 400 in an equal ſpace of time, amount - 

. ed to no leſs than 222 grains. This fa@,” adds our author, “ will, I fat 
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10 mykel, be conſidered as affording the moſt unqueſtionable proof that could 
« well be imagined, that water is a perfect nonconductor of heat, and that heat 
« is propagated in it only in conſequence of the motions which the heat occaſions 
« in the inſulated and ſolitary particles of that fluid.” See Count r dates Expe- 
rimental Eſſays, No. VII. pafim. 

We cannot help thinking this concluſion by far too general. The experiments 
related undoubtedly prove that caloric is communicated very ſlowly from one par- 
ticle of water to another; but it would require more numerous and diverſified ex- 

riments to eſtabliſh the fact that no communication whatever occurs. 

9 As the truth of the compoſition and decompoſition of water has been often 
doubted, and is even {till diſbelieved by ſome of the older chemiſts, it may not 
be improper to bring into one point of view the nature and extent of the evi- 
dence by which this important fact is ſupported. | 

Chemical philoſophers had at different times obſerved, that moifiure was produ- 


ced by the combuſtion of inflammable gas; but none of them ſeem to have form- 


ed any opinion with reſpect to the ſource from which this moiſture is derived. 


See Appendix to Mazquer's Dictionary, article Inflammable Gas. Prigfley on Air, 


firſt edit. Vol. V. p. 395. 

It was in the ſummer of 1781 that Mr. Cavendiſh firſt dick in a convenient 
apparatus, 500,000 grain meaſures of inflammable air, with 2 1-half times the 
quantity of atmoſpherical air. By this means (See Phil. Tranſ. Vol. LXXIV. 
« p. 129.) upwards of 135 grains of water were condenſed in the cylinder, which 
« had no taſte nor ſmell, and which left no ſenſible ſediment when eyaporated 
« to dryneſs, neither did it yield any pungent ſmell during evaporation ; in 
« ſhort, it ſeemed to be pure watfr,” Mr. Cavendiſh, in repeating this experi- 
ment, fired, by means of the electric ſpark, 19,500 grain meaſures of oxygen, 
with 37,000 grain meaſures of hydrogen gas; about 2950 grain meaſures were 
conſumed, and 30 grains of a liquor condenſed in the globe, which was ſenſibly 


acid to the taſte. Saturated with potaſh, this liquor afforded nearly 2 grains of 
nitre. When the proportion of the hydrogen gas was ſufficiently increaſed, * 


condenſed liquor was not at all acid, but ſeemed to be pure water. 
From a preconceived theory, Lavoiſier had expected that an acid would reſult 
from the combuſtion of oxygen with hydrogen gas; and accordingly, in the winter 


of 1781-2;he made, in company with M. Gengembre, an experiment to aſcertain this 
point. Lime water was agitated in the veſſels in which theſe gaſes had been in- 


famed, but no marks of an acid could be detected. Lavoiſier expreſſes his ſurpriſe 
at the reſult of this experiment, as, both from former experiments, and from ana- 
logy, he had been led to expect, with confidence, the preſence of an acid. See 
Mem, de I' Acad. 1781, p. 470. 

It was not till the 24th of June 1783, that Laveithin; with De la Place, made 
that famous experiment, which left no longer any room to doubt of the nature 
and compoſition of water. Lavoilier, in the account which he gives of that experi- 
ment, very candidly acknowledges that Dr. Blagden, who was preſent when it was 
made, had mentioned to him the reſult which Mr. Cavendiſh had formerly ob- 
tained, But (Mr. Cavendiſh remarks) ſo far was Lavciſier from thinking any 
« ſuch opinion warranted, that till he was prevailed on to repeat the experiment 
* himſelf, he found ſome difficulty in Oey that nearly the whole of the two 
* airs could be converted into water. 
| la the experiment made by Lavoiſier and De la Place, about 5 drachms of wa- 
ter were obtained, which ſeemed to be free from every kind of admixture, It 
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correſponded very exactly in weiglit to the tmo gaſes which had diſapprared, abt 
afforded reaſon to conclude that 100 grains of water conſiſt of 85 grains of ae 
united to T5 grains of hydrogen. See Mem. de Acad. 1781, p. 468. 

An experiment made about the ſame time by Monge is, if poſlible, {il} more 
accurate. He inflamed, by means of the electric ſpark, 1491-144 pints of hy. 
drogen, with 749-16 of oxygen gas. The ſum of the weight of the two gaſes wa 
3 ounces 6 drachms 27,56 grains. Three ounces 4 drachms 45 grains 6f water 
were obtained, which had a ſlightly acidulous taſte. This acidity, Monge ſeems to 
think, might be attributed to a ſmall portion of the fulphuric acid, which the 
hydrogen gas had carried over into the receiver. The air remaining after the ex. 


periment, amounting to 2 drachms 56,91 grains, conſiſted of a mixture of car. | 


bonic acid, oxygen, hydrogen, and azotic gaſes. There was therefore in this ex. 
periment, a loſs fof not more than 1 drachm 26.5 5 27995 See Mem, de I Aud, 
1783, p- 78. 

In the fummer of 1788, M. Le Fevre de Gineau, id 2 pounds 3 ounces 
33 grains of water from the combuſtion of oxygen and hydrogen gaſes. The 
oxygen gas was procured from the oxyd of manganeſe, and the hydrogen from 
a mixture of diluted ſulphuric acid, and filings of iron. Previous to combuſtion 

pains. were taken to free the gaſes from every adventitious ſubſtance, The 
weight of the water obtained, was only 31 grains leſs than the total weight of the 
gaſes conſumed. This water had an acid taſte; gave a red colour to the tinQure 
of turnſole, and rendered lime water turbid. Solutions of the nitrats of filver 
and barytes produced no precipitation; from which it is evident, that it con- 
tained neither ſulphuric nor muriatic acid. By adding potaſh to the water, i 
was found to contain 1-75oth part of its welght of acid, or 27 1-half grain 
This acid was the nitric, See Journ. de Phyſ. 1788, p. 457. 

Meſſrs. Fourcroy, Seguin, and Vauquelin, repeated the experiment of Lavoiſiet 
with very great care. The oxygen gas was obtained from oxygenated muriat of 
potaſh, and contained about 3 cubic inches in the 100 of azotic gas. The hy- 
drogen gas was procured from a ſolution of zinc in dilated ſulphuric acid; The 
combuſtion was carried on more flowly than in any of the preceding experiments, 
and 72 ounces 4 drachms 45 grains of water were obtained. The weight of the 
gaſes conſumed amounted to 12 ounces 4 drachms 49 grains; ſo that there wa 
in all a loſs of only 4 grains during the experiment. The water feemed to be 
perfectly pure, as no change could be effected by the uſe of re-agents. Its ſpe 
cific gravity was the ſame with that of diſtilled water. See Annal. de Chem, Tom. 
VII. p. 257. Tom. VIII. p. 230. Tom. IX. p. 30. 

The combuſtion of oxygen with hydrogen gas was lately performed in an ini 
proved apparatus, by Mr. Higgins of London. The ſum of the weights of the 
two gaſes conſumed, was 489 grains. The water produced from the combuſtion 
of theſe gaſes, weighed 487 grains; it ſeemed to be pure, and contained no ſenſibk 
mark of acidity. See AMinutes of a Society for Phil. Exp. p. 175. 

It appears from the experiments we have now related, that though the water 
ariſing from the combuſtion of oxygen with hydrogen gas generally contains at 
acid, yet that this is by no means either ã neceffary or a conſtant occurrence. This 
acid is of different kinds, and in the greater number of caſes it ſeems eaſy to account 
for its production. Moſt frequently it was the nitric ; oxygen gas, from whatever 
ſubſtance it is procured, is generally found to-contain a greater or leſs proportior 
of azotic gas; and from the experiments of Mr. Cavendiſh it is proved, that nitric 
acid may be produced by paſſing the electrie ſpark through a mixture of theſe two 
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gaſes. When azetie gaſs, therefore, is preſent in a large quantity, or when there 
happens to be a deficiency of hydrogen gas, nitric acid will neceſſarily be formed. 
But neither in the experiments of Mr. Cavendiſh, nor in thoſe of Van Marum, 
was any acid produced when the combuſtion of the two gaſes was conducted flowly, 
or when the hydrogen gas employed was in a ſufficiently large proportion. See 
Nachtraze Von Scherer, 1. 462. : 1 
The ſulphuric acid which was ſometimes obtained, may have been derived from 
+ ſmall quantity of this ſubſtance which had paſſed over undecompoſed into the 
receiver, along with the hydrogen gas, or rather from the decompoſition of a 
{mall portion of ſulphuric acid, and the combination of its ſulphur with the hydro- 
gas. The great attraction which theſe ſubſtances have for one another, and 
the difficulty we find in ſeparating them, renders it extremely probable that this is 
the way in which the ſulphuric acid was formed. In only one inſtance, ſo far as 1 
can learn, has it been ſaid, that the muriatic acid was produced; but as we are en- 
tirely ignorant of the compoſition of this ſubſtance, it muſt remain for future ex- 
perimenters, ſhould the circumſtance ever again occur, to diſcover the ſource from 
which this acid had been derived, ; 
It is almoſt ſuperfluous to remark, that the proportion of the acid to the water 
was uniformly fo ſmall, as not to influence, in any degree, the accuracy of the con- 
cluſions to which theſe experiments inevitably lead. | 3 
We have another proof of the formation of water in the reduction of metallic 
oxyds. Theſe are now univerſally allowed to conſiſt of a metal united to a greater or 
leſs portion of oxygen. It is to Dr. Prieſtley we owe the intereſting diſcovery, that 
theſe oxyds, confined in cloſe veſſels, with hydrogen gas, and expoſed to the focus 
of a burning-glaſs, are reſtored to the ſtate of pure metal. The hydrogen gas 
diſappears during this reduction, nor is any oxygen gas evolved in a ſenſible form, 
if the experiment be made over mercury, vapours are obſerved, which gradually 
condenſe into water. Dr. Prieſtley tried to aſcertain the quantity of hydrogen gas 
which diſappeared. in the reduction of the different metallic oxyds. According to 
his experiments, it was nearly in the following proportion: An ounce of oxyd of 
iron, required 890 ounce meaſures of this gas for its reduction; an ounce of cop- 
per, from 403 to 90g, according to the ſtate of the oxyd; an ounce of tin 377, and 
of biſmuth 185. The exyd of ſilver alſo abſorbed hydrogen gas, but in a propor- 
tion that could not be aſcertained. No perceptible reduction took place in the 
oxyds of manganeſe, zinc, arſenic, and antimony. Alkaline gas, which contains 
much hydrogen gas in a looſe ſtate, was found to anſwer equally well for the re- 
duction of theſe bodies. Dr. Prieſtley expoſed the oxyds ſucceflively to the focus 
of the barning- glaſs, in carbonic acid; in nitrous gas; in azotic gas; fluoric acid 
gas; oxygen gas, and atmoſpherical air; but in none of theſe fluids was any 
particle of the oxyd reduced. That philoſopher endeavours to explain theſe phe- 
nomena, by ſuppoſing, that the hydrogen is abſorbed by the oxyd during its re- 
duction, and enters as a conſtituent part into the formation of the metal. But 
this hypotheſis is obviouſly inadmiſſible: 1ſt, Becauſe it does not enable us to ex- 
Plain the Joſs of weight in the metallic oxyd during its reduction: And, adly, Be- 
cauſe, if the experiment be performed over mercury, and the water which is form- 
ed carefully collected, it will be found to correſpond exactly in weight to the 
Fight of the hydrogen gas which has diſappeared, added to that which the me- 
tallic body has loſt in the experiment. See Experiments and Obſervations, London 
1790. Vol. I. p. 248. Annal. de Chem. Tom. I. p. 106. 8 # 
Dr. Prieſtley ſeems alſo to have ſucceeded in decompoſing ſome of the acids, by 
rating them in the ſame manner with hydrogen or alkaline gas. He expoſed a 
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- quantity of phoſphoric acid, in hydrogen gas, to the focus of a burning glaſt, dhe 
volume of the gas was diminiſhed about x-4th, and the infide of the veſſel cover. 


Har ſmell of ſulphur. See Obſerv. and Exp. Vol. I. p. 262. 
| that its decompoſition might alſo be effected. 


converted into a martial zthiops, by diſtilled water alone, while at the ſame time: 
mable gas by immerſing red hot iron under bell glaſſes filled with, and invertet 
De la Place was led to infer, that the inflammable gas obtained during the ſol. 


tion of iron and zinc, in diluted, ſulphuric, and muriatic acids, was derived folely 
from the decompoſition of the water. His opinion is ſtated with admirable pre- 


water, had been made by Mr. Watt, and communicated by him in a letter to Di. 


and placed the tube, in an oblique direction, in a furnace, which was heated tel 


water. See Men. de l Acad. 1781. 
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ed with an orange coloured ſubſtance, which had a ſtrong ſmell of phoſphor, 
' The introduction of the vapour of boiling nitrous acid, into contact with þ 
drogen gas, is ſaid to have been followed with the immediate formation of azcte 
gas; but this experiment ſeems to have been, inaccurately performed, 
Sulphuric acid, expoſed to the concentrated rays of the ſun, in a receiver fil:q 
with hydrogen gas, was gradually decompoſed. At the end of the experiman, 
the inſide of the receiver was covered with a whitiſh incruſtation, which, whey 
put on a piece of hot iron, exhibited the genuine'blue flame, as well as the pecu- 


The compoſition of water had ſcarcely been diſcovered, when it was ſuſpecked 
Bergman had obſerved in his analyſis of iron, that the filings of this metal were 


great quantity of inflammable air was gradually diſengaged. Fontana alſo had 
obtained inflammable air, in extinguiſhing burning charcoal by immerſion in this 
fluid; and Meſſrs. Haſſenfratz, Stoutz, and d'Hellancourt had collected infln. 


ry, 
* 
„ 


over water. | / LB 
From theſe facts, and from the experiment he made in company with Lavoiſer, 


ciſion inpage 476 of the Mem. de I Acad. for 1781, and has fince been confirmed by 


innumerable experiments, | | | 
It is but juſtice to add, that the ſame inference, reſpecting the decompoſition of 


Prieſtley, dated April 26. 1983. See Phil. Tranſ. Vol. LXXIV. p. 330. 
On placing iron filings in pure diſtilled water, Lavoiſier obſerved, that the 
two ſubſtances exerted a mutual action on each other. A conſiderable quantity cf 
hydrogen gas was diſengaged, and at the end of ſome months the iron filings were 
converted into a black powder, reſembling æthiops mineral, and had acquired at 
additional weight of 25 per cent. 

Lavoiſier and M. Meuſnier produced a ſimilar effect by varying the experiment. 
They introduced into an iron tube ſome thick iron wire, flattened by hammering, 


hot. The water was permitted to enter the upper extremity, drop by drop; and 
immediately pure hydrogen gas, in great quantity, iſſued out at the lower cxite- 
mity of the tube. The wire, and inſide of the tube, at the end of the experimett, 
were found oxydated, or, in other words, reduced exactly to the ſame ſtate wit 
iron which has been burned in oxygen gas. The tube and wire were weighed be 
fore, and after the experiment; aud it was found, that the additional weight the) 
had acquired, when added to that of the hydrogen gas which had been diſengaged, 
correſponded moſt accurately with the total weight of the water which had dilap 
"peared, The hydrogen gas evolved in this experiment, was afterwards burned 
with a quantity of oxygen gas, equal to the weight which the iron in the tube had 
acquired; and the product from this combuſtion amounted to about 6 ounces df 


Dr. Prieſtley had often obſerved the ſame appearances, and had made a variet 
of intereſting experiments on the production of hydrogen gas, by making the vo 
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peur of boiling water paſs through iron filings heated red hot; but, with his uſual 
infelicity in accounting for chemical phenomena, the Doctor ſuppoſed that the hy- 
drogen came from the iron, and not from the water. See Exp, and Off, Vol. I. 
p. 288 to 30. Kirwan on Phlegiſton, laſt edit. p. 56. AT 

Le Fevre de Gineau repeated the experiment of Lavoiſier; but inſtead of an 
jron, he employed a, porcelain tube, The reſults he obtained were ſo accurately 
the ſame, that he was able to fix t5,7 grains as the proportion of hydrogen con- 
tained in 100 grains of water. See Fourn. de Pb,. Dec. 1788. 

In every inſtance in which this experiment has been carefully made, the ſame 
envarying reſults have been conſtantly obtained. | 

von Hauch, of Copenhagen, introduced a quantity of zinc, in ſmall pieces, into 
4 porcelain tube. After the tube had been kept for ſome time in a red heat, the 
vapour of poiling water was made to paſs through it. The products arifing from 
this experiment were pure hydrogen gas, and the oxyd, or what is uſually term- 
+] the flowers of zinc. See Grundzige Von Scherer, ſ. 202. a 

Count Rumford diſcovered, that when aqueous vapour is brought into contact 
with mercury in the ſtate of vapour, the mercury is oxydated, and a portion of red 
precipitate formed. See Nachträge Von Scherer, l. 470. ; 
In the experiments of Hauch, formerly quoted, it was found, that aqueous va- 


heat, did not undergo any change; nor was any hydrogen gas evolved, the affinity 
of the oxygen for the hydrogen being greater than for any of theſe metals, 

The decompoſition of water takes place alſo; as we have already remarked, in 
the ſolution of metals in diluted ſulphuric or muriatic acids. Morveay, after pour- 
ing z ounces of contentrated ſulphuric acid on 1 1-half ounce of iron nails, expoſed 
them to a ſtrong heat. About 4 cubic inches of atmoſpheric air paſſed over into 

the receiver; and the water which this veſſel contained was impregnated with ſul- 
| phureous acid. To the ſame ſubſtances he added 9 ounces of water, and placed 
the mixture in a heat of a low temperature. Not leſs than 754 cubic inches of hy- 
drogen gas were evolved. Ihe metal was converted into an oxyd. On ſaturating 
the acid remaining after the experiment with an alkali, it was found to require 
the ſame quantity it would have done previous to the experiment. A more direct 
proof cannot be conceived, that the water, not the acid, is the ſource from which 
the hydrogen gas was derived. See Grundzige, ſ. 196. | 

Dr. Fordyce, of London, made a no leſs intereſting experiment; He ſaturated 
ic grains of diluted ſulphuric acid with alkali, and obtained, by evappra- 


rel tion 978 grains of dry ſulphate of potaſh; He then diſſolved 164 grains of zinc 
i 1 an equal quantity of the ſame acid, and precipitated the metal from its ſol&on 
ire- by the addition of an alkali. By evaporation, 976 I-16th-grains of dry ſulphat of 
4 potaſh were obtained, being not quite two grains leſs than when the acid was 
vid added directly to the alkali, without the intervention of the zinc, The oxyd which 
be lad been precipitated, weighed 220 grains. It is needleſs to remark, this addi. 


tb tional weight could neither be derived from the acid nor the alkali: Added to the 


aged, weight of the hydrogen gas evolved, it correſponded ExaRtly with the weight of 
Jifape * water which diſappeared during the experiment. See Phil. T ranſ. 1792, p. 
arned 2 | 


y extinguiſhing lighted charcoal in water, Fontana had obſerved, that a mix - 
ure of carbonic acid and hydrogen gas was produced. The fame phenomenon 
Was obſerved by M. Achard, of Berlin. See Grundrige Von Scherer, ſ. 203. 

Lavoiſier and M. Meuſnier conducted aqueous vapour through charcoal, which, 
order to free it from air or moiſture, had been kept for two hours in a ted heat. 
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pour, conducted through gold, ſilver, or copper tubes, which were kept in a red 
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Hydrogen gas, containing about 1-4Ath of its volume of carbonic acid gas, Was oh. 
tained. The charcoal diſappeared. The weight of the two gaſes correſponded 
exactly to the ſum of the weights of the aqueous vapour and charcoal which had 
been conſumed. See Mem. de l Acad. 158 1, p. 279. 

This experiment was repeated by Dr. Prieſtley, and ſimilar reſults obtained. Sep 
Obſerv. and Exp. Vol. I. p. 282. — 

Phoſphorus does not immediately decompoſe water; but it can be made to pro- 
duce this effect, by the addition of another ſubſtance. Hauch, in diſtilling 2co 
grains of phoſphorus with $00 grains of cauſtic alkali, or quicklime, (in a Pure 
ſilver retort), to which a little water had been added, obtained phoſphorated hy. 
drogen gas. There remained in the retort a phoſphat of alkali, or lime, It i; 
obvious, that, in this experiment, the water is the only ſubftance from which the 
oxygen of the acid could poſſibly have been obtained. See Grundzige Von Scherer, 
i. 207. | 77 

Dr. Prieſtley ſays he obtained hydrogen gas, in tranſmitting ſteam over a quan- 
tity of ſulphur, which was melted in a hot earthen tube. It ſeemed to be equally 
pure with that obtained from the ſolution of iron in diluted ſulphuric acid, E. 
and Obſer. Vol. I. p. 203. 

Could any more facts be required to render this account of the compoſition and 
decompoſition of water completely ſatisfactory, we ſhall find them in the ſingular 
effects produced by the paſlage of the electric ſpark through this fluid. 

Meſſrs, Van Trotzwick, Deiman, and Cuthbertſon, introduced a gold wire into 
each extremity of a glaſs tube, 1-8th of an inch in diameter, and 12 inches in 
length. One end of this tube was ſealed hermetically, and the extremities of the 
wires in the tube fixed at the diſtance of 5-Sths of an inch from each other. After 
filling this tube with, and inverting it over water, they brought the wires into 
connection with an electrical machine. Every time an electric diſcharge was ſent 
through the water, ſmall air bubbles were ſeen riſing to the upper part of the 
tube. When the column of air produced by a continued ſucceſſion of diſcharges 
had increaſed ſo as to come into contact with the inferior extremity of the upper 
wire, a very remarkable phenomenon occurred. The next diſcharge produced: 
ſudden exploſion, inſtead of adding to the air which had been evolved. When 
the water contained atmoſpherical air, the reſidue, after inflammation, was always 
greater than when the water had been previouſly deprived of this ſubſtance by d. 
ſtillation. The reſidue, in ſome of their experiments, did not exceed 1-8cth of tle 
whole. This experiment is the more valuable, as it at once affords a ſynthetical 
as well as analytical proof of the nature and formation of water, See Jur. 4 


Phyſ. 1789, p. 369. | 
Van Marum repeated this experiment, with conſiderable alterations. Inſtad 


— Pe i a. 7 


of gold, he employed a wire of platina, and ſupported the water on which he ope- 0 
rated on a column of mercury. Gas was evolved, as in the former experiment; T 
but it did not inflame by the electric ſpark. On adding to it, however, a lite E 
oxygen gas, or atmoſpherical air, inflammation was inſtantly produced. Hydro- 
gen, therefore, one of the conſtituent parts'of water, muſt neceſſarily have been hy 
evolved. Van Marum thinks that the other part, oxygen, had united with the h 
mercury, See Nachtrage Yon Scherer, 1. 471. See alſo a Leiter on this Subjett, b pri 
Mees. Silvefier and Cbappe. Annal. de Chem. Tom. VI. p. 121. : tro 

Mr. Cuthbertſon performed this experiment with water which had been boiled, bs 
and deprived of its air under the exhauſted receiver of an air-pump. When th * 
air extricated from the water was placed between the extremities of the two Mit . 
and a ſpark paſled through the tube, it inſtantly diſappeared, leaving behind only 


ww. 
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enly about T-4oth of reſidue. Aﬀter the experiment, re-agents did not produce 
ny ſeaſible effect on the water in the tube. See Tran/iation of the Chemical No- 
menclature; by Dr. Pearſon, p. 56. 

To the experiments already enumerated, Dr. Pearſon, of London, has lately 
made ſome very accurate and intereſting additions. 

He examined the air extricated from water by electric diſcharges, wind found it 
to conſiſt of a mixture of oxygen and hydrogen gas: In the early part of the ex- 

riment, this air always contained a greater or leſs portion of the atmoſpherical 
ur, uſually diſſolved in water, and which could not be completely feparated, either 
by boiling, or by the air- pump. When the diſcharges, however, had been conti- 
nued for ſome time, pure oxygen and hydrogen gas alone were obtained. A partial 
combuſtion was obſerved to take place, even before the column of air in the tube 


had deſcended ſo low as the inferior extremity of the upper wire. This, which 


ſometimes amounted to nearly x-5th of the whole, Dr. Pearſon ſeems to think, 

might be occaſioned by the kindling of the air bubbles in their aſcent through the 
vater. Complete combuſtion could alſo be produced, by applying, during the pai- 
ſage of the electric ſpark, the points of a pair of compaſſes to the oppoſite ſides of 
the tube. It was of no conſequenre to the ſucceſs of this experiment, whether the 


air in the tube was that extracted from water, or conſiſted of an artificial mixture 


of oxygen and hydrogen gas. Sce Phil. Tranſ. 1797, p. 142. 


In reviewing theſe experiments, the reader muſt already have aniticipied the . 


obvious concluſion, that water is not a fimple, but a compound body, conſiſting of 
nearly 85-xoodth parts of oxygen, united to t5-100dth of hydrogen. A variety of 


objections have at different times been made to the validity of this concluſion, and 


to the accuracy of the experiments on which it is founded; but as theſe objections 
ſeem to be derived chiefly from the pre-conceived notions and long-eſtabliſhed opt 
ions of thoſe who urge them, it will now be unneceſſary, I nee to enter in- 
to any formal or tedious diſcuſſion of their merits. 

It has been ſaid, that the ⁊vater ariſing from the apparent combination of hydrogen ith 
gen gas was merely depofited from theſe fluids, and net generated during the proceſs of 
embyftion=The anſwer to this is obvious. The weight of the water depoſited 


during this proceſs correſponds exactly with the ſum of the weights of the two 


faſes conſumed. But 100 grains of gas cannot ſurely retain, diſſolved in it, 100 
grains of water. Either, then, we muſt admit, that oxygen gas, hydrogen, and 
water, are one and the ſame ſubſtance, exiſting in three different ſtates, or ac- 
knowledge the validity of the proofs which demonſtrate the compoſition of water, 


t has alſo been repeatedly maintained, that, in every inſtance in which water has been 


ſeþpoſed to be decompoſed, the hydrogen Tvas derived from the inflammable body, and not from 

the decompoſition of water. Unfortunately for this objection, in every inſtance i in 

wich hydrogen is evolved, the inflammable body acquires an additional weight. 

This weight, added to that of the hydrogen gas, correſponds exactly in weight 
with the water which diſappears. 

No inference can reaſonably be deduced from the great quantity of gas obtained in the 
ſuppoſed decompoſition of water, as this ſubſtance is capable of being converted by heat wwhol - 
ly into a permanently elaſtic fuid. This objection, of late ſo ſtrongly urged by Dr, 
Prieſtley, will not have much influence on the minds of thoſe who will take the 
nouble to compare the experiments on which it is founded, with thoſe which have 
been ſo amply related. In diſtilling water in cloſe veſſels, the Doctor found that 
ar continued to be extricated from it till the whole of the water had paſſed 


"er into the receiver. This air, which was purer than common air, amounted. 


ly to between x-20th and I-30th of the bulk of the water. From 25 eunces ef 
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water, diſtilled in this manner, he obtained 2 ounce meaſures of air. The ſame 
extrication of air was produced, by expoſing water over mercury, in tubes, cloſcd 
at one end, to a ſtrong degree of heat. A large bubble of air was collected, which 
continued to be permanent after the fire was withdrawn. In the courſe of a day 
or two, this air never failed to be abſorbed by the water in the tube. From 
theſe experiments, the Doctor concludes, that water is not only convertible into 
air, but that it may be conſidered as the baſis of every elaſtic fluid. By the expe. 
riments with the electric ſpark, it has been proved, that it is impoſſible to ſepa. 
rate all the air which water contains, merely by boiling, or by expoſure to the ex. 
hauſted receiver of an air-pump. The ſmallneſs of the quantity of air obtained, 
affords, therefore, a convincing proof, that this was the true ſource of that which 
Dr. Prieſtley procured. We can ſcarcely doubt of this, after being informed, that, 
in the courſe of a day or two, © this air was agein all abſorbed by the water. In all 
it did not amount to more than 1-6000dth part of the water! Such are the ex. 
periments by which the facts which eſtabliſh the compoſition of water have been 
combated! It is unneceſſary to make any further remarks on the remaining part 
of the Doctor's eſſay, or the ſingular concluſions he has been Jed to form, as they 
ſtand in direct oppoſition to all accurate experiment, and legitimate inference te- 
ſpecting the nature and formation of elaſtic fluids, See Experiments on the Gent 


ration of Air from Vater, p. 23. 


Hauch, of Copenhagen, has tried the diſtillation of water in tubes formed of 
great variety of ſubſtances; and in all his experiments, whenever the water was 
pure, and the tubcs impervious, not a particle of permanently claſtic gas Was pro- 
duced. 8 
some German chemiſts, in diſtilling water through earthen tubes, obtained 
along with the water, a quantity of azotic gas. From this occurrence, they were 
led to infer, that this ſubſtance muſt neceſſarily be one of the conſtituent parts of 
water. The accurate reſearches of Hauch have detected the fallacy of theſe expe- 
riments. The earthen tubes appear to be permeable in a high degree of heat, both 
to air and water; for, when the experiment was performed in glaſs or porcelain 
veſlcls, no azotic gas ever was formed. See Grundziige Von Scherer, ſ. 226. 
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CHAPTER VIII. 
CONCERNING EARTH IN GENERAL. 


Tur ancient philoſophers entertained an opinion, that there 
exiſts one ſimple ſubſtance, the principle of hardneſs, dryneſs, 
weight, and fixity in bodies, conſtituting the baſe of all ſolid bo- 
dies, to which they gave the name of earth. 'This opinion, 
founded purely on abſtract philoſophical notions, has been con- 
ſtantly taught in the ſchools, and is {till admitted by ſome of the 
learned. Paracelſus, as we have ſeen, denominated all the reſi- 
dues of analyſes, earth; but chemiſts, by the advice and example 
of Glauber, having examined thoſe reſidues, found they were far 
from being pure earthy ſubſtances. Boerhaave, who, with ſome 
limitation, had adopted the opinion of Paracelſus, obſerved, that 
after all analyſes, there remained a dry, inſipid, heavy, colourleſs 
matter, poſſeſſing all the properties of an earth. But when the 
proper methods of chemical examination are applied to theſe mat- 
ters, it is found that they differ greatly from each other, and that 
one and the ſame denomination cannot with propriety be applied 
to them all. | | | 
Beccher admitted three kinds of earth, as has been mentioned, 
in ſpeaking of principles; namely, the vitrifiable, the inflamma- 


ble, and the mercurial earth. Stahl regarded the firſt of theſe as 


the true earthy principle; and Macquer joins him in thinking, 
that the vitrifiable earth ought to be conſidered as the moſt pure 
and imple. © | 

To arrive at a proper determination on this ſubject, let us con- 
ſder what are the properties which chemiſts univerſally admit, 
as diſtinguiſbing the element of earth. We find fix; namely, 
weight, hardneſs, inſipidity, fixity, infuſibility, and immutability. 
ut all theſe properties are found in the earth of quartz, rock 
cryſtal, and vitrifiable ſtones in general, as well as in that of 
clays. If, therefore, ſeveral matters, very different from each 
other, have all the properties attributed in general to the ele- 


ment called earth, ought we to regard them as ſo many ſimple 


and primitive earths, or ought we to adopt the opinion of Stahl 
and Macquer, who, obſerving the properties of earth moſt evi- 
«ntly in the vitrifiable, have thought proper to eſteem it as the 
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primitive earth, and the others as modiſications produced by jy 
entering into difterent compounds ? 

Seducing as this hypotheſis may be, and however great t. 
confidence we might place in the opinion of ſuch eminent che- 
miſts, we cannot think it proper to reckon the vitrifiable cut 
the primitive baſe of the others. 1. Becauſe this earth is ng: 
equally pure in all the ſtones, wherein Macquer and Stahl hin. 
ſelf have admitted it; for example, in quartz, rock cryſtal, and 
flints. 2. Becauſe we find all the properties of terreſtrial ſub. 
ſtances 1n ſeveral matters which differ from vitrifiable earth, only 
zn the earthy characters being not in ſo marked a degree, 3. Be. 
cauſe it is not at all proved, that vitrifiable earth is the baſe of al 
ſolid matters, and all earths, as ſome chemiſts have thought. 

This, therefore, 1s the opinipn we think proper to be adopted 
on this head. 

Nature preſents ſcveral ſubſtances to our obſervation, which 
have all the properties of earths, We cannot aſcertain which is 
the ſimpleſt among them, becauſe they all ſeem to be equally ſo, 
as far as experiments have determined; and even if it were dif. 


covered that one of them were ſimpler than the reſt, it could not 


be concluded to be the elementary earth, till it was ſhown to be 


the baſis of other earths, and the cauſe of coheſion and folidity 


in various compounds. We ought therefore, without deciding 
which is properly ſpeaking the element, to admit of different 
kinds of earths, and endeavour to obtain ſuch a knowledge of 
their properties, as will ſerve to diſtinguiſh them neter they 
are met with in chemical analyſes. 

Chemiſts have long admitted ſeveral kinds of earthy matters; 
but their firſt diviſions were vicious in many reſpects, beczul: 
the characters they were founded on were neither ſuſhciently cer- 


_ tain, nor numerous. Such, for example, is the diſtinction 0! 


earths into mineral, vegetable, and animal earths: For, thoug 
it is true, that the fixed reſidues, from the ultimate analy% M 
vegetables, after lixiviation, are for the moſt part witheut ſme! 
zafte, or ſolubility, theſe properties are not ſuſſicient to juſtify the 
claſfing them with earths, becaule they are neither unalterable, 
infuſible, nor ſimple. The ſubſtance which forms the dry and 
folid baſe of the bones of animals, and is {till called by the name 
of earth, from its dryneſs, inſipidity, and inſolubility, has been 
known for ſome years to be a true ſaline ſubſtauce, as we hy 
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now in our chemical hiſtory of the animal kingdom; and it may 


with great probability be conjectured, that the inſipid and inſo- 


luble reſidues, after the laſt analyſis of other animal matters, are 
of the ſame nature as the reſidual matter of bones. The name 
of metallic earths, given to the oxyds of ſeveral metals, from the 
drynels, inſipidity, and inſolubility of ſome of them, does not 
agree with their other properties; for they are in general fuſible, 
and are all known to be compounded, as will hereafter be ſhawn. 
Mineralogiſts, who have treated of the hiſtory of earths, have 
paid a greater attention to accuracy and preciſion in their claſſifi- 
cation than chemiſts, who have attended to them only in ſuch a 
general way as they thought might ſerve to advance the theory 
of the ſcience they cultivated. The greateſt number of modern 
naturaliſts, who have claſſed theſe matters, have adopted cha- 
racters founded on theſe chemical properties, and, by that means, 
given much perſpicuity to the natural hiſtory of the mineral king- 


dom. Such are Meſſrs. Wallerius, Cronſtedt, and Monnet, who 


have compoſed complete ſyſtems of mineralogy on this principle. 
No chemiſt has made a greater number of reſearches into the na- 
ture of ſtones and earths than Pott, who has given a methodical 
arrangement of theſe bodies, founded on the reſults of his own 
experiments, Much praiſe and gratitude is due from the public 
to M. & Arcet for his continued labours, and to Meſſrs. Bergman 
and Bayen for their analyſes of many earthy ſubſtances. We 
ſhall not attempt to exhibit or compare the different ſyſtems of 


theſe authors, as it is not our preſent intention to write the na- 


tural hiſtory of earthy ſubſtances ; but ſhall only avail ourſelves 
of their labours, to determine how many different kinds of earths 
there are, chemically conſidered, and what are the diſtinctive 
characters of each. | | 

Before we enter on this ſubject, we muſt obſerve that it is 
proper to conſider ſtones and earths as conſtituting the fame claſs, 
vecauſe they are, in fact, nothing more than one and the ſame 
lubſtance in a different ſtate of aggregation. Grit-ſtone, for ex- 
ample, is nothing more than ſand united by the force of aggre- 
zation 3 and ſand conſiſts of grit-ſtone, whoſe integrant parts are 
diſunited : both ſubſtances having preciſely the ſame chemical 
properties, | | | 

M. Pott has divided earths and ſtones into four claſſes ; the 
ntrifiable, the argillaceous, the calcareous, and the gypſeous. 


Q 


2 


— — 


— — ˙· ee xt Mrs Pal ne» rn Gor 


248 EARTH. 


Subſequent diſcoveries have ſhown, that the ſubſtances formerly 
diſtinguiſhed by the name of calcareous earth, are true neutral 
falts ; and gypſeous ſtones are alſo known to be ſaline ſubſtances, 
Among the four claſſes of ſtones admitted by Pott, there are on- 
ly two which belong really to this genus. 

Dr. Black, whoſe name diftinguithes one of the greateſt pe- 
riods of the improvement of chemiſtry, having examined with 
much care the baſe of the Epſom ſalt, has proved that it conſiſt 
of a peculiar ſubſtance, which he called magnefia, and placed a. 
mong the earths. All the chemiſts have aſſented to his diſcovery, 

M. Bergman has diſcovered in the marmor metallicum, or 
heavy ſpar, a peculiar earth, which he has called terra ponderofa 
or ponderous earth, which we call barytes. 

We think we ought to diſtinguiſh theſe two Cubſtances from 
earths properly ſo called, in conſequence of reaſons which we 
ſhall give in the following chapters. | 

From various conſiderations, we think that no bodies ſhould 
be admitted as true earths, but ſuch as are perfectly inſipid, in- 
ſoluble, and infuſible; and that we ought to diſtinguiſh ſuch as 
poſſeſs theſe properties by the chemical phenomena they exhibit, 
We therefore admit of but two kinds of pure earths, which ar 
equally ſimple and elementary. 

The firſt is, that which conſtitutes the baſe of rock cryſla), 


quartz, grit-ſtone, flints, and all hard ſtones that firike fire with 


ſteel. Its chemical character is, that it is unalterable by the 
ſtrongeſt fire, neither loſing its hardneſs, tranſparency, nor other 
properties, by any heat that art can produce. It is called vitrt- 
fiable earth, becauſe it is the only earth which forms a tranſpa, 


rent glaſs by combination with alkalis; but the name of filex, 


derived from that of ſiliceous earth, which has been given to it, 
becauſe it exiſts in all the ſiliceous ſtones, is that to which we 
give the preference, 

The ſecond kind of earth, which we regard as fimple and pure, 
is the argillaceous or alumine. In its ſtate of purity, it preſents 
the following characters. It is almoſt always opaque z or, if it 
enters into the compolition of other ſtones, their tranſparency 
becomes inferior to that of the filiceous claſs. It is always dif- 
poſed in thin plates, or laminæ on each other. This diſpoſi- 
tion correſponds to the cryſtalline form which the former earthy 
matter conſtantly aſſumes. Though it has no mace taſte thay 
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firifiable earth, it ſeems nevertheleſs to have a kind of ac- 
Hon on our organs, as appears by its adheſion to the tongue. Its 
ſorce of aggregation is never ſo conſiderable as that of vitrifiable 
earth ; whence it follows, that argillaceous ſtones are never very 
hard, but break by the blow of a ſteel inſtrument, without ſcratch- 
ing it, or giving fire, as vitrifiable earths do. This ſmall force of 


Aggregation renders this earth much more diſpoſed to combina- 


non, and therefore we meet with pure clay much more ſeldom 
wan pure rock cryſtal or quartz. It may be readily conceived, 
aſter this obſervation, why clays are almoſt always coloured, and 
why there are few clays which poſſeſs the aluminous charaCters in 
an eminent degree. Alumine expoſed to the action of heat, expe- 
riences an alteration which vitrifiable earths do not. Inſtead of 
remaining unchanged, it hardens, and obtains an aggregation 
ſtronger than in its natural ſtate. It even approaches the vitri- 
fable earth in hardneſs and want of diſpoſition to combine, after 
ſuch treatment. Water has ſome action on alumine, which it 
penetrates, and renders ſoft and ductile. That this is a kind of 
combination, is evinced by the adheſion of theſe two ſubſtances, 


which is ſuch, that they cannot be ſeparated but by the action of 


3 ſtrong heat continued for a long time. The property of alu- 
mine to form a paſte with water, and become hard by fire, is of 
great value in the arts. Laſtly, The property of entering into 
combination with a great number of ſubſtances, eſpecially diſtin- 
guilnes it from the vitrifiable earth. From this it is that alumine 
i; found in a great number of compounds; and from the conſi- 
deration of this, we have ſpoken more largely of this earth, as a 


knowledge of its leading characters is neceſſary, in order to di- 


ſtinguiſh it in chemical operations. 

Theſe two earths we have thought fit to diſtinguiſh, as they 
both poſſeſs the characters of elementary ſubſtances, and no che- 
miſt has yet ſucceeded in decompoſing them. We are not ſuffi 
cently advanced in our knowledge concerning the origin, forma- 
tion, or even the chemical properties of theſe earths, to pronounce 
vith certain chemiſts, that the one is more ſimple than the other, 
ad that the latter is only a modification of the former. We can- 
not admit, that the earth of rock cryſtal, or filex, is the baſe of 
aumine, which, as far as is yet known, is not the ſame ſubſtance, 
ether attenuated, divided, or elaborated ; for no chemiſt has ever 
converted the one into the other, | 
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It rarely happens that filiceous or aluminous earth is found in 
nature in a ſtate of purity. The former alone enjoys this Privi- 
lege in rock cryſtal ; doubtleſs becauſe, as we have obſerved, of 
its great hardneſs and force of aggregation. Even this is often 
coloured by foreign matters. It is ſtill more frequently altered 
and combined with colouring matters in quartz. Aluminous 
earth is yet leſs frequently found pure. The greateſt part of 
the earths and ſtones, to which naturaliſts have given' different 
names, are compoſed of one or the other, or both theſe earths; 
or of ſaline ſubſtances, eſpecially lime, and magneſia, with me. 
tallic matters, moſt frequently iron. To obtain a conviction of 
this truth, nothing more is neceſfary than to caſt an eye over M. 
Monnet's work, in which that chemiſt ranges ſtones after their 
conſtituent parts; an attempt worthy of great praiſe, but which, 
while it ſhows the great advantages lithology may expect to re. 
eeive from chemiſtry, affords at the ſame time a proſpect of the 
difficulties that {till attend the accurate claſſification of ſtones, 
from their chemical properties. The following chapter will be 
more particularly employed on this ſubject. 8 


—— — 
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a Tue number of the primitive earths is ſtill undetermined. Fourcroy reckors 
only five; but there is good reaſon to believe that number is too ſmall. 

Several other ſubſtances have of late years been admitted into the claſs of primi- 
tive earths by chemiſts and mineralogiſts of great note; but whether theſe ſu- 
ſtances be actually deſerving of that character, time, and a- more rigorous cxamiliu- 
tion, alone can determine. We ſhall here mention the principal. 

Adamantine ſpar was for ſome time ſuppoſed to contain a peculiar earth; but the 
accurate analyſis of Mr. Klaproth has ſhown this to be an error. From his anal. 
fis, it appears that 100 parts of the adamantine ſpar brought from China conlils 


of » - — Alumine. Oxyd of Iron. Silex. 
84 750 655 
Adamantine ſpar from Bengal, - 89,50 1,25 15 l-hal. 


See Klaproth Beytrige zur Chemiſchen Kenntniſi dur Mineraltörper, B. III. ſ. 47. 
Zirconia, or Fargonia.—This earth is found in a ſtone brought from the iſland of 
Ceylon. It has a great reſemblance to clay, though it differs from it in ſome of its 
properties. Zirconia is ſoluble in ſulphuric, nitric, muriatic, and concentrates 
acetic acids. It is precipitated from its ſolution in acids by alkalis either in their 
mild or cauſtic ſtate. When mild alkalis are uſed, the zirconia does not difcove! 
any affinity for their carbonic acid. It is infoluble in alkalis; neither does it melt 
with theſe ſubſtances when expoſed to the greateſt degree of heat, It 1s infuſible 
in microcoſmic falt j but yields to boraz, yet without any efferveſcence. For 3 
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more particular account of the properties of this earth, ſee Kirwan's Mineralogy, 
p. 14-3 Klaproth Beytrige, XII. 203.; Manuel de Mineralogiſte, * N. Mongex, 
Tom. I. 150. 3 Fourn. de PByſ. 179, pour Pan. 1790. 

ts antites, or Stronitan earth, is found united to carbonic acid in Gneis in the lead 
| mines of Strontian in Fan e It exiſts allo in the proportion of from 1 to 2 
per cent, in ſtones of the barytical genus. When pure, it has a pungent, acrid 
tate; and is ſoluble in the proportion of 2 7-1oth grains to the ounce of water, 
This ſolution quickly attracts carbonic acid from the atmoſphere, and becomes co- 
vered with an inſoluble cruſt. In this ſtate, an ounce of boiling water diſſolves 
about 218 grains. During cooling, this earth is depoſited i in the form of colourleſs 
rrauſparent cryſtals, It is ſparingly ſoluble in alcohol. It unites with ſulphuric, 
uitzic, muriatic, acetic, oxalic, tartaric, fluoric, phoſphoric, ſuccinic, arſenic, bora- 

e and carbonic acids. 

Theſe combinations all poſſeſs the property of giving a red tinge to the flame of 
combuſtible bodies; the muriat in the moſt remarkable degree. Strontites decom- 
pales ſulphat of potaſn; it decompoſes the ſulphats, nitrats, and muriats of lime. 

Sulphat of ſtrontites is decompoſed by pure barytes. With ſuJphur, ſtrontites, 
"ive the other alkaline earths, combines to form an hepar. For a further account 
: 5 earth, ſee an excellent paper by Dr. Hope, in the 3d volume of the En. 

Tranſ.; Klaprota Beyträge, XVIII. 260.3; Kirwan's Mineralogy, p. 1 3.3 
3 5 s Mineralogy ; Monthly Magazine, p. 633. ſor Sept. 1796. ; Richter Ueber 
Dir Newern Gegenſiands der Chemie, Achtes Slack, 

Sjducia, or Sydney earth, firſt diſcovered by Mr. Wedgwood in a compound mi- 


eral ſubſtance brought from Sydney Cove in South Wales, is ſaid to poſſeſs the 


{ollowing properties: It is fuſible in 150 of Wedgwood's thermometer, which 
no other ſimple earth is. It is ſoluble directly and immediately in no acid but the 
muriatic, and in this only when the acid is heated and in a concentrated fate. 
Ik to a ſolution of muriat of ſydneia an equal quantity of ſulphuric acid be add- 
cd, heat and effzrveſcence will be produced, and the muriatic acid will be expel. 
Id in white fumes. | 

Pruſſian alkali does not precipitate this earth from its ſolution in the mwriatic 
and ſulphuric acids; but it is readily precipitated by common alkali, or by the ſim- 
pe addition of water, See /. Tran, Vol. LXXX. p. 306.; Kirwan's Mineran 
©): Pe 15. 
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PART II. 


THE MINERAL KINGDOM; | 


OR, 


MINERALOGY. 
— 


SECTION I. 
EARTHS AND STONES. 


CENERAL FACTS AND OBSERVATIONS ON MINERALOGY; THE 


DIVISION OF MINERALS IN GENERAL, AND OF EARTHS AND 
STONES IN PARTICULAR; THEIR DIFFERENT CHARACTERS, 


Taz defign of natural hiſtory conſiſts in the knowledge of the 
bodies which conſtitute our globe. The whole is full of gran- 
deur and ſublimity; and its parts are immenſe. This ſcience 
comprehends all terreſtrial phenomena, from the meteoric changes 
of the atmoſphere, to the mutations to which the interior parts 
of the globe are ſubject. The ſurſace of the 2arth, its ſeas, lakes, 
nvers, mountains, valleys, plains, and caverns; the animated and 
organized beings which dwell therein, and the inanimate matter 
of which they are compoſed, occupy by turns the attention of the 
natural hiſtorian. The man of genius is alone capable of view- 
ng the great deſign at once in all its component parts; the ſcru- 
pulous and indefatigable obſerver attaches himſelf to the detail. 
The ſeparate conſideration of the parts has produced the various 
branches of this ſtudy. Theſe are inexhauſtible. Laborious men 
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rr. 


© 


have conſecrated their lives to the obſervations and deſcriptions 


ef the habits and manners of certain inſects, and have left the 
ſubject ſufficiently replete * ith matter for the gratification of fu- 
ture inquirers. : 

The ſtudy of natural hiſtory would, therefore, be diſcouraging 
on account of the immenſity of the proſpect, if the difficultic; 
were not removed by arrangements, by which tlie memory is re- 
lieved and aſſiſted. Theſe. arrangements are called methods, 
They conſiſt in ſuch a diſpoſition of natural bodies, as place; 
thoſe neareſt each other which have ſimilar properties; and g- 
thers remoter, as their properties differ. The claſſification thu: 
made ought to be founded on characters which are conſtant, ob- 
vious, and eaſy to be known. 

The diviſion of bodies into three grand ideas, called king- 
doms, namely, the mineral, the vegetable, and the animal king. 
doms, is founded on the moft ſtriking differences of character. 
Though the two laſt reſemble each other in fome of their leading 
properties, yet they are ſulkciently different from each other in 
their external form and organization, to be confidered ſeparately. 

Minerals form the maſs of the globe, or rather the extern 
cruſt, as far as the labours of men have penetrated. They do 
not increaſe in volume, but by juxtapoſition of parts, and the 
force of attraction. They are ſubject to no alteration, but ſuci, 
as ariſes from the chemical action of ſubſtances on each other. 
They are called inorganized, or inanimate bodies. 

Vegetables, on the contrary, grow larger, by an internal force 


or Principle. They have organs which elaborate the juices they 


attract from the earth and from the air. They are ſubject to the 
modifications of living fubſtances. They grow, live, and die. 


They produce their like by a true generation. 


Laſtly, Animals leave mere complicated. organs than vegeta- 
bles; their changes are more rapid; and they are much more 


ſubjected to the action of ſurrounding bodies, in proportion to 
| their loco-mobility, and their higher degree of ſenſibility. 


That part of natural, hiſtory which relates to minerals, is call 
A win calagy. The early naturaliſts divided minerals into 2 
great number of claſſes. In their methodical enumeration, they 
admitted earths, ſands, ſoft ſtones, hatd {tones, precious ſtones, 
figured. ſtones, ſalts, ſulphurs, pyrites, minerals, metals, &c. 
Thoſe who are deſirous of obſerving the ſucceſſive progreſs of 
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mineralogy, from the time of Henckel, one of the firſt who has 
treated methodically on this ſubject, to that of Daubenton, whoſe 
claſſification is a maſterpiece of precifion and exactneſs, may ſee 


| the ſyſtems in ſucceſſive order collected in the Introduction to 


the Manuel de Mineralogiſte of Mongez, publiſhed in 1784, at 
Paris. The ſucceſſive periods of this ſcience are marked by the 
labours of Bromel, Cramer, Henckel, Wolterſtdorff, Gellert, Car- 
theuſer, Juſti, Lehman, Wallerius, Linnzus, Vogel, Scopoli, 
Rome de Lille, Cronſtedt, Borne, Monnet, Bergman, Werner, 
Sage, and laſtly, Daubenton, who in the preſent ſtate of the ſei- 
ence has left ſcarcely any thing to be deſired. 

To obtain a knowledge of the great number of minerals which 
compoſe the globe, they mult be arranged in ſeveral claſſes, di- 
ſtinguiſned by very evident characters. We ſhall, therefore, di- 
ride them into three ſections. Under the firſt we ſhall range 
earths and ſtones, which have no taſte, which are inſoluble in 
water, and do not burn when heated with contact of air; under 
the ſecond, ſaline matters, having more or leſs taſte, which melt 
in water, and do not burn; and under the third, combuſtible 


ſubſtances, ir! general not ſoluble in water, and exhibiting a flame 


more or leſs evident when expoſed to the fire with acceſs of air. 
 Earths and ſtones form the greateſt part of our globe, and are 


ealily diſtinguiſhed from ſalts or inflammable bodies, by their inſi- 


pidity, ſolubility, and incombuſtibility. Their regular arrange- 
ment in beds, or ſucceſſive ſtrata, conſtitutes mountains or hills, 
and plains. In the former, they are either in ſhapeleſs maſſes, or 
in ſtrata inclined to the horizon. In the plains they are horizon- 
tally diſpoſed, and covered with a bed of mould fit for the vegeta- 
tion of plants, which is produced by the decompoſition of the or- 
ganized bodies that are formed and decay on the ſurface of the 
earth. The ſeveral kinds of earth are frequently diſtributed in a 
regular cryſtalline form in the clifts or ſubterraneous cavities. 
Water, which appears to have formed the greateſt part-of theſe, 
dyides them, continually attenuates them, tranſporting them 
from one place to another, and in general producing in them 
many changes. Their natural hiſtory is divided into geology and 


Ithology z the former treats of earths, the latter of ſtones. But 


theſe two, as we have, before obſerved, ought to be ranged in the 
ame claſs; becauſe earths, if we except the ſoil formed by the 


reſidue of decayed organized matters, are nothing elſe but ſtones, 
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whoſe aggregation is deſtroyed and {tones are formel by ts 


union of earths. 
The number of different forms of earths and ſtones . very 


great, and the knowledge of them of great importance to ſcience, | 


as well as to the common applications of them to uſeful Purpoſes, 


naturaliſts have in all ages been induced to endeavour to diſtin. 
guiſh them by ſure and eaſy methods. The ancients had not the 
idea of claſſing them from their diſtinQtive characters, but con- 
tented themſelves with deſcribing their general properties, and 


the hiſtory of the uſes they were applied to, together with thei; 


value, or the degree of eſtimation they were then held in. From 
this it is that the greateſt part of the ſtones deſcribed by Pliny 


are not to be found or known. Modern naturaliſts, aware of the 


inconveniences of this method of deſcribing ſtones, have taken 
another method of diſtinguiſhing them, with the intention that 
all future ages may underſtand their deſcriptions. It is from the 
external and ſenſible properties of theſe ſubſtances that they haye 
diſtinguiſhed them into orders, genera, and ſpecies, and have by 
that means rendered the ſtudy of them more eaſy and advanta 
geous. 

The external and ſenſible characters which diſtinguiſh ah 
and ſtones in the modern lithological methods, conſiſt in their 
form, their hardneſs, their internal ſtructure, or their appearance 
when broken, and their colour. Several naturaliſts have added 
to theſe ſome of their chemical characters, more eſpecially their 
habitudes in the fire, and with acids. We ſhall here conſider 
each of theſe properties, that the application of the general prin- 
ciples to the particular hiſtory of each genus of {tones may be 


better underitood. 


51. Concerning the Form or Figure of Stenes, confidered as one of 
their general Characters. 


By the form of ſtones, is underſtood the reſpective atrang*- 
ment of their ſurfaces, with relation to each other. The moſt 
tranſient view of a collection of ſtones in a cabinet of natural 
hiſtory, ſhows that ſome poſſeſs a regular geometrical figure, 
while others are altogether without any ſymmetry as to their 
form; and that this regularity is in ſome caſes found in trant- 
parent, and in others in opake bodies. Obſervation has demon- 
rated, that ſome kinds of ſtones affect a peculiar form in their 
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cryſtals, and that other kinds are never found but in misſhapen 
fragments. Many naturaliſts are of opinion that all ſtony mat- 
ters have the property of- taking a cryſtallized form, which is 
more remarkable in ſome than in others z but that all have their 
peculiar forms, which are ſenſible even in their ſmalleſt parts. 
This is the opinion of Rome de Lille, 17 > has written a very 
copious and exact hiſtory of all mineral iubſtances relative to 
their ſeveral cryſtallizations . This philoſopher diſtinguiſhes the 
form, which ſtones and all other minerals affect, under three 
denominations, of determinate, indeterminate, and confuſed cry- 
ſtallzation, and obſerves, that there is no mineral ſubſtance which 
does not come under one of theſe three claſſes. The truth is, 
that as many of theſe affect the ſecond and third kind of cry- 


ſtallization, which are irregular, and not eaſy to be diſtinguiſhed, 


we cannot avail ourſelves much of the cryſtalline form of ſtones 
to give them poſitive and determinate characters from this cir- 
cumſtance. Many mineralogiſts have, nevertheleſs, eftabliſhed 
entire ſyſtems of lithology and mineralogy on the regular exter- 
nal forms of the matter deſcribed. Linnæus is the firſt who 
adopted this plan, and though he has not entirely accompliſhed 
the intention meant to be anſwered in his methodical diviſions, 
he at leaſt directed the attention of obſervers to the forms of 
cryſtals, and opened the way to all the diſcoveries ſince made re- 
ſpecting them. ; | | 
Such is the preſent ſtate of opinions relative to the influence 
of cryſtallography on the ſtudy of ſtones and minerals. It is 
very uſeful to lead us to the hiſtory of the formation of theſe 


ſubſtances, and may, in ſome caſes, throw great light on in- 


quiries reſpecting their nature. It may even ſerve to diſtinguiſh 
them from each other ; but it is not ſufficient to ſerve as the 
balis of an entire ſyſtem of mineralogy, becauſe it is in reality 
nothing more than one of the ſeveral means, by the union of 
which ſuch a ſyſtem may be conſtructed. M. Rome de Lille, 
who has ſo greatly diſtinguiſhed himſelf by his reſearches into 
the forms proper to all minerals, has not availed himſelf of this 
alone in his claſſification of bodies, but has only examined and 
deſcribed thoſe minerals arranged according to their reſpective 
ſaline, ſtony, or metallic nature, and their mutual combinations, 


Cry Hallograpbie, ou Deſcription des Formes Propres a teus les Corps du Regne Mie 


ral, &c. Paris, 178 3. 4 tom. 8 vo. 
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$2. Concerning Eorducfe,  confilered ar a ChoraBer of Kune 


The aggregation of the parts which compoſe ſtones is ſo ya. 
rious, that lithologiſts have advantageouſſy made uſe of it to di- 
ſtinguiſn them from each other. Some have an aggregation ſo 
ſtrong, and are conſequently ſo hard, that ſteel of the higheſt 
temper makes no impreſſion on them. Such are the precious 
ſtones or gems. Others yield with difficulty to the action of in- 
ſtruments; ſuch are quartz, flints, agate, hard ſand-ſtone, por. 
phyry, and granite. All theſe ſtones, when ſtruck againſt 2 
piece of ſteel, produce a great number of ſparks; which cir. 
cumſtance has occaſioned them to be called ſcintillant or ſpark. 
ling. Theſe ſparks ariſe from ſmall portions of the ſteel which 
are ſtruck off by the ſtone, and ſuddenly ſet on fire by the heat 
occaſioned by the ſtrong percuſſion they undergo. This heat is 
fo conſiderable, that the particles are melted ; fo that when col. 
lected, on white paper, and obſerved with a good magnifier, 
they are found to be a kind of ſemi-vitrified calx, ſimilar to that 
produced at iron forges, and known by the name of machefer, or 
droſs of iron. Stones that give fire having different degrees of 
conſiſtence, from gems, and rock cryſtal, to the tender ſand. 
Rones, and filiceous breccias of modern formation, the quantity 
of ſparks mult vary in the ſame proportion. 

There is a great number of ſtones, whoſe aggregation is muck 
leſs conſiderable, and which are foft enough to be cut and form- 
ed by ſteel inſtruments. Theſe do not give fire with feel, but 
break with different degrees of facility when ſtruck with a hard 
tool. The difference of conſiſtence in ſtones, which do not give 
fire with the ſteel, is obſervable in their other properties. Some, 
as for example marble and alabaſter, receive a good and uniform 
poliſh ; others, as for example, moſt of the argillaceous ſtones, 
are capable of an inferior or falfe poliſh, and have always a dull 
greaſy appearance. Some judgment may be formed of the de- 
gree of hardneſs the kind of poliſhed ſtones are capable of, by 
the appearance they exhibit when wetted z; the moiſture pro- 
ducing the effect of a poliſh while it laſts, 

It is to be noted, that many ſtones may afford ſparks with ſteel, 
though they are not really of the claſs of ſcintillant ſtones. Theſe 


are produced by their being of a mixed kind, and containing frag- 
ments of ſtones ſuſſiciently hard to produce ſparks. Thus it 8 
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that ſeveral kinds of marble, and calcareous breccias give ſparks, 
when ſtruck with the ſteel, in conſequence of the quartzoſe or 
finty particles intermixed with their calcarequs paſte. 


The denſity of ſtones is neceſſarily as their ſpecific gravity, 
come naturaliſts have conſidered this lait property as very im- 


portant for the claſſification of ſony ſubſtances. M. de Buffon 


is of this opinion. But this character, however important for 
aſcertaining the natural order and general nature of theſe ſub- 
ſtances, requires accurate experiments to be made, and can be 
uſed only as an auxiliary in the lithologic methods, in which fa- 
cility and ſimplicity are neceſſary requiſites to guide ſtudents at 
their entrance into this part of natural hiſtory. 


v3 Concerning the Fracture, conſidered as 4 C harafter of Stones. 


When a ſtone is broken, the newly ſeparated ſurfaces exhi- 
bit a peculiar arrangement of the integrant particles, which is 
different in different ſpecies: Lithologiſts call this appearance the 
fracture, and it affords very uſeful characters to diſtinguith ſtones 
from each other. By comparing the circumſtances which relate 
to the fracture of all the ſtones we are acquainted with, it is 
eaſy to reduce theſe fractures to ſeveral kinds. 

Some, for example, break like glaſs, with a ſmooth poliſhed 
ſurface, of a regularly curved figure, and this is called the vitre- 
ous fracture. It is obſerved in rock-cryſtal, quartz, &c. 

Others preſent a ſurface elean and poliſhed, but formed of 

ſucceſſive undulations, reſembling thoſe obſerved on ſome thells. 


The two pieces applied together, in general fit each other very 


neatly; This fracture is diſtinguiſhed by the name corichoidal, 
or ſhell ike. The undulations are of various magnitudes and 
appearance, as wide, narrow, round, oblong, deep, ſuperficial, 
Ec. and may be obſeryed in ſeveral kinds of flint, jaſper, agate, 
or petro-filex. | 

There is another claſs of tones, which, when . exhibit, 
at their ſurfaces an aſſemblage of projecting and rounded points, 
reſembling grains of ſand worn by the waters. This is called 
tne granulated fracture. It may be eaſily obſerved in ſand-ſtone. 
The magnitude of theſe ſmall parts affords a number of different 
kſtinctions. It is with relation to this kind of fracture, that we 


ſometimes apply the figurative expreſſion dough or pale to the 


InGures of ſtones, _ ſay, a ſtone has a fine or a coarſe grain. 
R. ij 
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Laſtly, There is a great number of ſtones, whole fracture 
| ſhows them to be compoſed of many equal laminz placed upon 
1 each other. The great part of theſe being called ſpars, the frac. 
1 ture is thence denominated ſparry. Theſe laminæ differ from 
N each other in their extent, magnitude, thickneſs, tranſparency 
or opacity, horizontal or oblique poſition, with reſpect to the 
axis and diameter of the cryſtallized ſtone, that being ſuppoſed 
to be placed vertically, for they anounce a true cryſtallization 
| when they are brilliant, if they have not a chatoyant appearance, 
| . the fracture they exhibit is termed lamellar. It is the various dif. 
14 poſition of theſe in gems, calcareous or ponderous ſpars, cryſtals, 
5 &c. which ſometimes cauſes the brilliant or chatoyant “ appear. 
FE ance obſerved in talc, and the various kinds of feldt-ſpar, as 
| | the cat's eye, the avanturine, thelabrador ſtone, &c. 

Some authors have made diviſions of ſtones, founded on their 
Þf | general appearance, together with their fracture. Cartheuſer, 
1 in 1755, publiſhed a ſyſtem of mineralogy, in which he diſtin- 
| | 1 guiſhes ſtones into lamellated, fibrous, ſolid, and granulated. But 
i 
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the fracture alone is inſufficient to ſerve as the baſis of a com- 
plwGKkẽùte lithological method, and requires to be contraſted with the 
Wi other characters examined in the preſent chapter +. 


# | 6 4. Concerning Colour, conſidered as a Character of Stones, 


The various colours obſervable in many ſtones, depend on com. 
buſtible or metallic ſubſtances intimately combined with their 
other parts. In ſome ſpecimens the colour is uniformly ſpread 
through the maſs, in others it is ſeen only in certain ſpecks or 
points. In general the colouring part of ſtones 1s accidental, or 
not always found in the ſame kind, and varies according to cir- 
cumſtances. It is indeed true that the colour is ſufficiently con- 
ſtant in ſome ſtones, as the gems, the ſchorls and tourmalins, to 
ſerve as one of the indications of their kind ; but as its utility in 
this reſpect is very confined, it is not much applied or eſteemed 
by lithological writers. — 
Among the colours which ſerve to diſtinguiſh the ſorts and vs. 
rieties of ſtones, we may diſtinguiſh the uniform, or equal) 
diſtributed colour, accompanied with tranſparency or opacity, and 
ſuch as are unequally diſtributed in irregular ſpots, in veins, in 


— ö 


* We have no Engliſh word to expreſs this modification of light. 
+ Vide L'Introduction à la Sciagraphie de Bergman, par Mongex le jeune, P. 31 
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points, and in bands. We muſt likewiſe pay attention to che 
quantity Or number of colours which are ſometimes obſerved, to 
the number of fix or ſeven, as in marbles. From the number 
and difpoſition of the colours in theſe natural ſubſtances, i: is 
that they have been divided into ſtones, of one, two, three, or 
four colours, variegated, ſpotted, veined, marbled, clouded, und- 
tuated, or dotted, or bearing marks of vegetation, or other l- 
gures, & c. | 


(5. Concerning the Alteration produced by Fire, confidered as 2 
Character of Stones. 


Some mineralogiſts, not content with examining ſtones by the 


exterior and ſenſible qualities, have alſo ſought for means of di- 
ſinguiſhing them by their chemical characters. The action ot 
fire, and the alteration they are reſpectively ſubject to from this 
agent, has been regarded by many lithologiſts as a good maus 
for obtaining a knowledge of their differences. They have ob- 
ſerved that ſome, as for example, quartz, loſe their tran{pare1cy 
and hardneſs, by fire, but are no otherwiſe changed; that ot-rs 
ſuffer no change, as for example, rock cryſtal ; that others ain 
melt, and become converted into a glaſs of a different c-lour, 
as ſchorls, zeolite, aſbeſtos, amianthus, garnets ; and laſtly, that 
others loſe their conſiſtence, and part of their weight, with-: e 
melting, and at the ſame time acquire the property of ſolubility 
in water, as all the calcareous ſtones do. Other experiments, 
more numerous and accurate, ſhow, that ſome ſtones loſg their 
colour in the fire, while in others it is rendered deeper by che 
lame agent, Theſe are among the general reſults of the labuurs 
of Meſſrs. Pott, D*Arcet, and many other chemilts. 

Theſe various alterations are neceſſary to be known, in eriur 
to render the hiſtory of ſtones more complete, and to ſhow the: 
teſpective natures. They ſhow in general, that ſuch ſtones <5 
are the leaſt changed by the fire, are the moſt ſimple z but they 
cannot be of any great utility in lithological methods, becau.. 
they require the completion of experiments, which caunot | 
made but in a long time, and with conſiderable ſkill. Where. 
the characters beſt calculated for the claſſification of ſtones, 09:1 
o be eaſy to be known or obtained, and either founded on H 


broperties as the eye can aſcertain, or at leaſt may be collected 


from ſimple and ready trials or eſſays. 
R 
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It is true indeed, when exterior properties are inſufficient, that 
we may ſometimes avail ourſelves of the change produced in 
ſtones by fire, by the help of the blow-pipe recommended by 
Bergman; but however ſimple this ingenious method may be, it 
always implies the neceſſity of carrying an apparatus inconvenient 
to travellers, and the proceſs is better calculated to be performed 
in a laboratory, than on a lithologic excurſion “. 


96. * the Action of s confi dered as a Character of 


Stoner. 


Acids are the ſolvents moſt commonly employed. Though we 
have not yet ſpoken of theſe ſalts, it is neceſſary we ſhould in 
this place make a few remarks on the phenomena exhibited by 
ſome ſtones, when placed in contact with acids. The greater 
number are not at all acted on, or changed by acids; but there 


are ſome, which, upon a drop of nitric acid being put on their 


ſurface, by means of a ſmall tube, are acted on in ſuch a man- 
ner, that the eſcape of bubbles, paſſing through the acid, occa- 
fions an appearance reſembling ebullition. This phenomenon is 
called efferveſcence, and is owing to an aeriform fluid ſepz. 
rated from the ſubſtance by the action of the acid. This claftic 
fluid is itlelf a peculiar acid, diſengaged by the acid dropped on 
the ſtone, and is the product of a true decompoſition. All calca- 
reous ſtones containing fixed air, efferveſce by the contact of acids, 
and eſpecially with that of nitre, which is uſually employed in theſe 
eſſays. This diſengagement of an aeriform fluid, ſhows in re- 
ality, that the matter it eſcapes from is a ſaline combination; 
but as it is a combination poſſeſſed neither of taſt: nor ſolubility 
in water, in any obvious degree, and as it beſides forms a great 
part of the external cruſt of the globe, naturaliſts have always 


| regarded it as a ſtony ſubſtance. 


All ſtones _ therefore be diſtinguiſhed into efferveſcent and 


— A 


* 
ca _—- 


* Sce Bergman on the Elow- Pipe, at the end of his Cliemicat E ſays, tranſlatec 
into Eygliſh, nd publiſhed in London, 1784. 
If a blow. pipe, a piece of charcoal, a ſmall ſilver ſpoon, and three ſmall phials, 


containing ſalt of ſoda, microcoſmic ſalt, and borax, compoſe an apparatus ncon- 


venient to travellers, and if a proceſs, eaſy to be executed in any place where 2 
candle can be deſended from. the wind, require a chemical laborato: y, the author 
is right in diſcouraging this excellent ſmall analyſis. Very complete apparatus tor 
this purpoſe are ſold in London, contained in a box no larger than a book i 
wel ves, at Brown's bookſeller, the corner of Effex-ſtreet, near the Strand. T, 
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non-efferveſcent. A ſmall phial of nitric acid becomes, there- 
fore, of courſe, a neceſſary article in ſuch excurſions as are made 
with the intention of examining and collecting ſtones, and toge- 
ther with the magnifier and the ſteel, is the only inſtrument ne- 
ceſſary to be uſed by the lithologiſt. | 

Since Bergman has recommended the examination of ſtones 
by fire, with the aſſiſtance of the blow-pipe, they are eſſayed like- 
iſe with ſoda, borax, and fuſible ſalt of urine, which act dif- 
ſerently on theſe matters according to tlieir nature; and in ge- 


reral exhibit a fuſion more or leſs complete, accompanied with 


different phenomena. We ſhall ſpeak more largely on this me- 
thod of analyzing ftones, in the chapter wherein the other methods 
of analyzing them will be treated of. 


CHAPTER II. 


THE LITHOLOGIC METHOD OF M. DAUBENTON., 
Extracted from Lis Tablean de Mineralogie. 


Auoxc all the lithologiſts who have attempted the methodical 
diſtribution of ſtones, there is no one who has given divifions 
more exact, more clear, or more caſy to be underſtood, than 
M. Daubenton. The ſkill with which this celebrated naturaliſt 
has contraſted the characters of theſe ſubſtances, - renders his 
method much more accurate and uſeful, than all thoſe lutherto 
propoſed. The properties he has ſelected as the baſes of his 
characters, are all conſtant and eafy to be known. They con- 
ſiſt eſpecially in the regularity or irregularity of form; tranſpa- 
rency more or lels perfect, or opacity z conſiſtence, or hardneſs ; 
poliſh, which ſtones are ſuſceptible of; form, or reſpective ar- 
rangement of integrant parts, which occaſions the vitreous, concho- 
dal, granulated, lamellated, and ſpathoſe fractures; the colours, 
when they are not accidental; the ſurface dull, brilhiant, or cha- 
toyant. As it would be impoſſible to improve on the preciſion 
and perſpicuity of the ſyſtem of M. Daubenton, we ſhall exhibit 
in this place his diviſions of earths and ſtones, as he has laid 
them before the public in his Tableau Methodique des Mineraux*. 


* Tableau Motbodi que wer Mus raux, > leurs diff erents Natures, et avec der Cha- 
ralteres diſtiuctife, apparent, ou faciles & reconnoitre, Par M. Daubenton, &e. Paris, 
chez Demonville, Pierres, Debure, Didot Paine, &c. 1784, in-3. de 36 pages. 
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ORDER I. 
MINERALS. 


SANDS, EARTHS, AND STONES *. 


T hefe Subſances do not diſſolve in Water like Salts, nor burn like com, 
buſtible Bodies, nor have the Brilliancy of Metallic Matters, 


CLASS I. 


Stones that give Fire with Steel. 


Genus I. Quartz. 
Cryſtalline Subſtance, fracture vitreous, not lamellated, 


Species I, Opake, or ſemi-tranſparent Quartz. 


fat. 

. grained. 

. milky. 

. foliated. 

. cryſtallized. 


Varicties. 


Ub ww 0 


A 


— — — 


In this place, we only give a part of the table of M. Daubenton ; but when 


we treat of the hiſtory of ſalts and combuſtible bodies, we {hall give the diviſions 


of this philoſopher, relating to theſe ſubſtances. As we have been careful to give 
an exact copy of his table, even ſo far as to uſe the ſame type or characters, we 
think it proper to ſubjoin the beginning of the advertiſement of M. Daubenton, 
relating to the methodical diviſion of ſtones. The following are the words of thi 
cclebrated naturaliſt : | 
This table has been expoſed in manuſcript ſince the year 1779, in the Hall of 
* the College Royal, during my lectures; and many copies of it have been taken, 
I have made various alterations, as I have received or acquired new information 
« reſpecting mineralogy. I have even abandoned, for the preſent, my deſign of 
e inſerting the chemical analyſis of different minerals in my tables, as I had begun 


© to do, becauſe a ſufficient number has not yet been analyzed. My principle ob- 


« ject in drawing out this preſent table, has been to facilitate the ſtudy of mine- 
« ralogy. The beſt means of diffuſing the knowledge of the ſciences, is to ſimpli- 
« fy their elements. Methodical diviſions promote this intention; for though it 
is impoſſible to give deſcriptive characters perfectly agreeing with nature, jet, 
e ſuch as they are, they are convenient, uſeful, and even neceſſary. In the full 


8 explanation of my table, which I propoſe to give in my Tegons d Hiſtoire Na- 


« turelle, now in the preſs, I ſhall ſhow the advantages and defects of my metho- 


dical diſtribution of minerals. I ſhall only take notice in this place, that mine- 


<« rals are diſtributed in this table into orders, claſſes, ſpecies, and varieties. The 
*« diſtinRive characters of each article of theſe methodical diviſions are printed i 
e Italics. 
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Species II. Tranſparent Quartz, Rock CrvSTAL. | 
Tuo Pyramids of fix Faces, with or without a Priſm of fix Sides E 1 
| ( betaueen them). = 


- I. cryſtallized, 

2 rough. 

. white. 

. red. BOHEMTLAN RUBY. 

. yellow. OCCIDENTAL TOPAZ. 

. ruddy or blackiſh. SMOXY TOPAZ. 
reen. 

lue. WATER SAPPHIRE. 

. violet. AMETHYST. 

. irideſcent, 


Varieties. < 


O © 008 SS 


Species III. Quartz in agglutinated fragments, Grit-ſtone, or 
Siliceous Grit, | 


| Granulated fracture. 


I. hard Grit-ſtone, 

2. friable. | 
from the Levant. Very fine grain. 
Filtering Stone. Porous. 

- glittering. 

veined, 

. exhibiting figures of plants. 

- coarſe grained. 


Varieties. 


88 Sea > © 


$ecies IV. Quartz in looſe Grains, SAND, 
Vitreous ſurface. 4 


t. angular. 
2. rounded. 
3. moving. 


C4. fluid. 


Varieties. 


Ijecies V. Quartz in concrete Maſſes. 
Sandy and quartzoſe Pudding Stones, or breccias, 


Gxxus II. Semi-tranſparent Stones, 
| Vitreous fracture, ſometimes conchoidal. 

hacer J. Agates, i PER 

Of all colours, except the milk-white, the fine red, the orange, and 
the green. 
| 1. clouded. 
Varieties, © punctuated. 
3. ſpotted, 


" Among the names, there are ſome in Roman capitals, and others in Italic ca- 
y pitals, The former are ſuch as 1 think moſt ſuitable to the things they denote 
i the others are ſynonymes, whoſe uſe would be attended with inconvenience, 
"dare inſerted only to facilitate the knowledge of the things deſcribed.” 


EI 


MINERALS, 
l "C4. veined. 
„ J. onyx. 
| 1 | Varieties. 6. iriſed. 
1 | 7. preſenting the appearance of herbs, 
1 8, preſenting the ERA of moſs. 
[4 
f 5 | o . 
„ Species II. Chalcedonies, 
| | bt - Milky tranſparency. 
'* | | 1. reddiſh, 
4 N 2. blueiſh, 
8 a | | 4. onyx. ; a 
FE | 5. irideſcent. OPALS. 
FE | Varicties. < 6. rounded and ſolid. cIiRA5s0Ls. 
\ Þ | 7. rounded and hollow. aTtDROPAL CRALCEDONyY 
B {Enhydre). 
7 8, m ſtalactites. 
| J ; 9. in ſediment. 
Fi 10. hydrophanes. 
1 , Species III. Carnelians, 
; 1 1. pale. 
Io © a. punctuated, 
j | Varieties. 4 3. . . = © I 
FE 4. exhibiting figures of her 
* F. in RalaQites: : 
kg Species IV. Sardonyx, 
1 a | Orange colour. 
| 13 1. pale. 
| 1 2. veined. 
1 Varieties. 4 3. + _ A 3 
+M reſenting figures of herbs, 
EE 5 5 
„ __ 7. Flints, 
1 Grey, ⁊ꝛbbite, reddiſb, blackiſh. 
WR 1. with tubercles. 
| iy , . Varieties. 2 layers. 
1 
1 Species VI. The Praſeum, 
| | I. green. | 
5 Varieties. & 2. clouded. a 
ö | 3. ſpotted. 


| 
9 OO Species VII. Jade, 


f | Greaſy poliſb. 
5 jt Ctr. whitihh, 9 


Varieties, 2 2. olive colour. 
3. green. 


* 
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Species VIII. Petroſilex, 
Tranſparency of wax, contbeidal Fracture. 


| _ C1. white. 
Varicties. 42. reddiſh, rs 
3. veined. 


Gkxus i. Opake Stones, 
Vitreous fracture, ſometimes conchoidal, or dull. 


Scies J. Mill Stone, 
| More or leſs porous. 


T. porous, 
Varieties. ] 2. denſe or full, 


Suck II. raalie, 
Concentric layers. 


I. ſpotted, 

2. veined, 

3. onyx. 

4. oculiform. 

5. preſenting the figure of herbs, 

6. concreted into breccias, PUDDING 8TONES», 


Varieties. 


Series III. Jaſper, 
Vitreous fracture, often dull, an withat concentric layers. 


1. green, 
> T« XE 
3. yellow. 
4. brown, 
| 5. violet, 
6. black. 
7. grey. 
Varieties. < 8. white. 
9. clouded, 
10. ſpotted, 
cx veined, 
5 onyx. 
3. flowered, 
55 univerſal. 
x 5. fragments united i in breccias 


Genus W. Scintillatng Spar. FELD-Srarn. 


Hecies J. Feld-Spatb, regularly cryſtallized, 
obiges (anzied) priſms of four ſides. 


4 — 


79 
* by 4. z eo „ 


1 
Varieties. - 
” 40 


FE, 
Varieties. * n ded bei h | 
73. in ten-fided priſms, wit — of two planes 


<- 7 32 9 2 Fa | Y 
7 7 4 — — rig rw * 
3 -v 1 
© % 


{ts Bad priims, with ſummits of two planes. 


2 d four facets. 


. allized confuſedly, 


ite. 
p<. 1 grey. FISHES EVE, 
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4. red, with brilliant —— NATURAL AYay. 
TURINE. 
8 
6. blue. 
1 7. violet. 
8. green and blue, by internal reflection. LABRA. 
DOR STONE. ' 
variouſly coloured, by internal reflection. c- 


* EYE. 


Varieties. < 


| Genvs V. Cryſtal Gems, 
Tranſparent and lamellated, not elefrifiable by heat alone without 


Friction. 


I. ca 
cryſtallized with 12, 24, or 36 facets, There are 4 
Varieties. cllow, brown, c. garnets. 
he balaſs Ruby, 
- -rofe-caloney octabedral cryſtals. 


Species J. Red, 


Species IT. Red and orange. 


ſ 3- Spinell Ruby, 
p colour, cryſtallized like the balaſi ruby, 
i 3 4. Vermilion, 
Varieties. 4 cryſtallized like the garnet. 
5. Hyacinthe-la-belle, 
 eryftallized under 4 hexagonal fides with ſummits ber. 
ing 4 rhomboidal facets. 


| 


—_ 


Species III. Orange-coloured. 


Variety. 6. Hyacinths, 
cryſtallized like the byacinthe-la-belle. 


Species IV. Yellow. 


7. Oriental Topaz, 
cryſtallized in 2, pyramids of 6 "va 
Varieties. 4 8. Saxon Topaz, 
| cryſtallized in priſms of eight fades, 4s ſummits of 1} 
facets, 


Species V. Yellow and green. 


Variety. 9. Peridots, CHRYSOLITES, 
| cryſtallized in a priſm of 16 7 5 with pyramid: of © 


facets. 
Species VT. Green. 


Variety. 10. Emeralds of Peru, 
cryſtallized in ſix-ſided priſms. 


Species VII. Green and blue. 


Variety. 11. Aqua-marine, 
cryſlallized like the Saxon topaz. 
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Swcies ITT. Blue. 


. : Si 6 
Variety. 12. Oriental Sapphire, | 
cryſtallized like the oriental topaz. | 


i. Species TX, Indigo. 
Variety. 13. Indigo Sapphire, 
5 | cryſtallized like the oriental topaz and ſapphice 


Species T. Red and violet *, 


14. Syrian Garnets, 
cryſtallized like the garnet. 
15. Oriental Ruby, 
cryflallized like tbe © open and oriental [appbi re, 


Varieties. 


Gexvs VI. Cryſtal Gems, 8 


Compeſed of laminæ perpendicular to the axis of the cry Hal, electric by 
heat alone without friction. 


di 


1. Braſilian Ruby, 
| red in a priſm of four 2 with ramids 0 
Varieties. facets. i 2 | 
2. Braſilian Topaz, | | 
y<lUow, cryſtallized like the Braſi Jian ruby, | 


chin VII. Tourmalins, 


Flactric + heat alone ⁊uithout Friction, and without laminæ perpendi- 
cular to the axis of the cryſtal. 


BY Tourmalins of Ceylon, 
tranſparent, orange-coloured, not much furrowed on the 
Surface. : 
2. Tourmalins of Spain, 
tranſparent in a flrong light, orange-coloured, Very 
much furrowed. 
. Tourmalins of Tyrol, 
of 13 | | -| tranſverſal fiſſures in the priſm, 
| 4. Tourmalins of Madagaſcar, 
Varieties. 4 SHORLS OF MADAGASCAR, opake, black, 
4 5. Lenticular Tourmalins. 
6. Peridots of Ceylon, 
yellow and green, much furrowed, 
1 of 6 | | 7. Peridots of Brazil, 
yellow and green, inch furrowed, 
$8. Emeralds of Brazil, 
green. 
9. Sapphire of Brazil, 
blue F. 


8) 


Ot at 


* Such gems as are formed without e matter are white. Note of M. 
Daubenton. 


All theſe tourtnalins, except the lenticular, are cryſtallized in nine- ſided 
prime, with ſummits of three or ſix fatets. Note of M. Daubenton. 
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Genus VIII. Schorls, 


Not ** by heat without friction, epake cryſtals, or long grem 
e needles. 


Species IJ. Cryſtallized Shorls. 


1. oblique (angled) priſm of four ſides, 
2. ſix-ſided priſm. PIERRE DE ROI 
Varieties. J 3. fix-fided priſm, with ſummits of two facets, or 
pyramids of three or four facets. 


4. cight-{ided priſm, with ſummits of two facets, 


| Species II. In articulated fragments. 


I. Spathoſe Schorl. Striz with ſpathoſe facets, 
Varieties, 42. in maſſes. sCyoRL PASTE (Paſte de Shor)) hril 
| liant points in the fracture. 


GRNUSs IX. Azure Stone, 
Opate and blue. 


Varieties. by a blue. 


| CLASS IL. 


Karths and Stones, which do not give Fire with Steel, and di ne 
efferveſce with Acids, 


Genus I. Clays, 


_ moiſt they are ductile; when dry they take a poliſh, by bring 
ſlightly rubbed with the 1 


Species I. Clays abſolutely infuſible. 


x. uſed to make pots for the glaſshouſ 


Varieties. = for tobacco pipes. 


Species II. Clays partly fuſible. 


T. for porcelain. 
Varieties. x 2. for Engliſh pottery, 
3. for ſtone-ware. 


Species III. Clays entirely fuſible. 


I, for common pottery. 
2. for delf- ware. 
Varieties, 4 3. for chimney tiles (Dutch tiles). 
4. for tiles, 
5 for an 
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Genus II. Shiſtus, 
Argillaceous and faliated fracture. 


* black ſtone. | 
2. common ſhiſtus or ſlate. 
| 3. writing flate, 
Varieties. 4 4. poliſhing ſtones, 
j 5- green ſtone. 
Fo Hone (Pierre à raſoir). 
7. fragments united in breccias, 


 Genvs III. Talc, 
Poliſbed glittering plates, without Spathoſe fraturt. 


Szcies J. Talc in large leaves or plates. 


brils 
| Variety. Muſcovy talc. 


Hecies II. In ſmall leaves. 


Variety. Mica. 


Genus IV. Steatites, | | 
Greaſy feel, like tallow. 


Srecics J. Steatites in laminæ. 


I. fine French chalk (de Briancon). 
2. coarſe French chalk (de Briangon). 


" Varieties. ] 
Species II. Compact Steatites. 


r. Soap Rock (Pierre de lard), 


rung Varieties, Ja. Spaniſh chalk. 


Hie III. Lapis ollaris. 


2 I. Como ſtone. 
Varieties. 72 foliated Lapis ollaris, 


Grnus V. Serpentines, 
The poliſh and colours of marble. 


Hecies I. Opake Serpentines. 
Varieties. 5 3 


ier II. Semi- tranſparent Serpentines. 


ranulated. 
us. 


8 


Varieties. } og 
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Genus VI. Amianthus, 
4 Filaments not calcinable, flakes or leaves lighter than water, 


1 Species J. Amianthus with ſoft (or flexible) fibres. 
0 3 i | | varieti ON 2 Amianthus with long fibres. 


0:85 1 2. with ſhort Aren. 

1 | 

j | Þ | Species II. Amianthus with hard (or brittle) fibres. 

| ; 4 ö | 3 1. Aſbeſtos, eaſily ſeparable into parts (mur 
bt RIS. 5 N diflicultly ſeparable (non mur) | 


Species III. Amianthus in flakes or leaves. 


SS I. foſſil leather. 
ee . foſſil cork. 


Pore * - C 
EY — —_— 
* — 
P 
: 1 3 
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1 Genus VII. Zeolite, 
HIT 
ql ; C (yfallized in divergeni radii, or convertible into a 2 by 2 in. 
. Species I. Cryſtallized Zeolite. 
a7 Species II. Compact Zeolite. 
11 C1. white. 
„ Varieties. t blue. 
[9-71 3. red. 
1 Gxxus VIII. Fluor Spar. 
| | Fragmente avith triangular faces, all inclined to each ther, 
1 
| 5 Species I. Fluor Spar in Cryſtals. 
B | : | 1. octahedrons 
TK | Varieties, J 2. cuneiform octahedrons. 
| 1 | | 3. with 14 facets, 
FE 4. cubic. , i : 
FE Species IT. Fluor Spar in irregular Maſſes. 


| Gexvs IX. Ponderous Spar, 
4 Rhombvidal fragments, the lateral faces perpendicular to the baſe, 


Wit | Species 1, Cryſtallized Ponderous Spar. 
| 1 in rhomboidal plates. 


2. in octahedrons with acute ſummits. 
= 3- in octahedrons with obtuſe ſummits. 
= Varieties. & 4. in hexagonal plates with acute ſummits. 
14 5. in hexagonal plates with obtuſe ſummits 
Fai | 6. in tables, 
7 7. in cock's combs (or lenticular). 


2 


— — —— — — — 
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Hecien II. Ponderous Spar cryſtallized confuſedly. 
BOLOGNA STONE. 


| Genus X. Heavy Stone. TUNGSTEN, 
Reembling Fluor Spar in the form of its fragments, but much heas 


vier; it becomes yellow in acids. 


CLASS EE 
Earths and Stones which efferveſce with Acids *. 


Genus I. Calcareous Earths. 
£fferveſcence with Acids. 


hecies J. Compact. 
Variety. Chalk. 
Hecies II. Spongy: 
Variety. Stone-marrow, 
Sjecies III. In powder. 
Variety. Foſſil Flour. 


$jecies IV. Conſiſtence of cream. 


Variety, Lac lunæ. 


Yes V. Figured, 
Varicty. Congealed. 


Genus II. Calcareous Stones. 
Colours and poliſh are bad, 
ies J. Coarſe grained. 


ExAMPL Ee; 
Limeſtone from Arcueil, 


4 7 
— — es — 8 e — 


— 


Though theſe ſubſtances are at preſent regarded by chemiſts as neutral ſalts, 
brmed by the union of lime and carbonic acid, we think it proper to exhibit them 
this place, at the end of earthy ſubſtances, in order to give a connected view of 
the method of M. Daubenton. Naturaliſts, who avail themſelves of external and 
Kling characters in their diftribution of ſubſtances, act properly in ranking them 
ng earths, They will be conſidered under another _ of view in the hiſtory 
# laline matters. Note of Mr. Fourcroy: 


FB — 
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Species II. Fine grained. 
ExAaMPLE. 
The Thunderſtone. 


Genus III. Marbles, 
Granulated frafiure, fine colours, good Poli 5 


Species I. Marbles of fix colours. 


White, grey, green, yellow, red, and black. 


Varieties. « EXAMPLE, 
Marble from Wirtemberg. 


Species IT, Marbles of two colours. 


15 in number, formed by the combinations of 6 C0» 
{ lours, 2 together. 
Varieties. EXAMPLE. 
white and grey. | 
Marble of Carrara. 


Species III. Marbles of three colours. 


20 in number, formed by the combination of 6 co· 
lours, 3 together. 
Varieties. ExXAMPLE. 
grey, yellow, and black. 
Lumachello. 


Species IV. Marbles of four colours. 


1 15 in number, formed by the combination of 665 
| | lours, 4 together. 
} Varieties. ExAMPLE. 
; white, grey, yellow, and red. 
| | Brocatello from Spain. 


— 
— ut 0 
e way - 


i Spectes V. Marbles of five n 


6 in number, formed by the combinations of 6 colours, 
Y k together, 

1 Varieties. 4 EXAMPLE, 

| |} þ | white, grey, yellow, red and black. : 
ws Breccias of old Caſtile. a 


bil Gexvus IV. Calcareous Spar. 
me | Regular form, ſpathoſe fracture. 
Species IT. Cryſtallized calcareous ſpar. 


1. obtuſe rhomboidal figure, 
: 3 ee Spar. 
2 2. lenticular rhomboidal figure. 
Varieties. 3. ee rhomboidal figure, with 6 triangulz 
aces. 
4. acute rhomboidal figure. 
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5. with 12 pentagonal faces. 

6. with 3 triangular faces. 

7. ſix-{ided priſm. 

8. ſix rhombic ſides, with 6 faces 29 

9. with 2 ſcalene triangular faces. 

0. 3 12 faces of 4 or 5 ſides, and 6 quadrilateral 
facets. 


| II. with 6 hexagonal faces, and 12 quadrilateral fa- 


{ cets. 
Fhecies II. Striated calcareous ſpar. 


1 I. in parallel ſtriæ. 
Varieties. 15 in divergent ſtriæ. 


Varieties, 


Gexus V. Concretions. 
Succęſſive coats. 
Secies JI. Stalactitical Concretions. 
1. in columns. 


Varieties. 55 tabular. | \ 
3. reſembling alabaſter. | 


Species II. Concretions by incruſtation, 


Seele ITT, Concretions by ſediment. 


3 I. by horizontal ſediments. 
ene 12 by rounded ſediments. 


6 c0- 


CLASS IV. 
Mixed Earths and Stones. 


Mixed earths. | 
Genus I. Sand and clay. 


Fhectess Sand for founders. 
Variety. Sand from Fontenai-aux- roſes. 


lours, 


Genus II. Sand and calcareous earth. 


Genus III. Clay and calcareous earth. 


Serien. Marle. 


1. marle, armenian bole. 

q 2. marle, ſealed earth. 

3. ſtone for taking ſpots out of cloth, (pierre a de- 
tacher) 

4. fuller's earth. 


Varicties. < g 5. porcelain earth. 


6. pipe clay. 

| 7. potter's clay. (terre 2 fayance) 
8. white marle. 

9. marle in flakes. 


| 10. marle for manure, 


ngular 


" 1 70 
END " 
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Mixed flones. 


OF TWO GENERA. 


| | Quartz and ſeintillating ſpar, - - - - - - Granitin, 

1 li Quartz and ſchorl, 28 oo — o —* 4 - —— 
| | | 
| 


/ 


Granitello. 


Quartz and ſteatites, - - --- Quartzoſe ſteatites 


| | | | Tranſparent quartz and mica, - - - Micaceous cryſtal, 
„ Quartz in grit and gem ſtone, - -- ba anne 5 4 
1140 . . Bo. rit tone, 
q H Quartz in grit and mica, - - - - - Mlicaceous grit, 
. ; 1 3 — . 1. Cr ſt II: - 
| . Quartz in grit and calcareous matter, 5 5 x | 
4. Quartz in ſand and opake itone, - - - = Sandy and filiceous brecci: 
140 | | Qua rtz in ſand and ſchiſtus, - -- gg pas, ſchiſtus bore. 
FE 1% | a - DES one. trap, 
Fi Quartz in ſand and zeolite, - - - - - - - Scintillating zeolite, 
1 Scintillating ſpar and paſte, or cement of 
Fat | F Ophites, 
114 ſchorl, - - - - - = = „„ 
| | i ; Semi-tranſparent ſtone, with opake ſtone, 1 * Tia. or ags. 
"4 - a == k cr. 
F it ? Schorl and mica -- - - + - - Micaceous ſpathoſe ſchotl, 
T3 Schiſtus and marble, - - - - - - - - - - Florence marble, 
= + 1 a 
'Þ i 5 5 I, rom Egyptian marble. 
1 ; 5 2. ſea green marble, 
0 Serpentine and marble, - - - - - - - - - © 3. green antique marble, 
1 | 4. green marble of Suza, 
BAS 77 $5. green marble of Varalta, 
| | Ponderous ſpar and calcareous matter, = = Alkaline ponderous ſpur 
Ek f wy 
FEY | OF THREE GENERA. 
| W | Quartz in ſand, ſchiſtus and mica, - - - Rough wheat - ſione. 
BY Quartz, gem, and mica, - Garnet rock. 
KP 3 . . a 
By Quartzoſe paſte, ſcintillating ſpar in large 2 TY 
1 N ty. 
1 3 fragments and ſchorl, - - =, 
k 17 : . . 8 * 
FE Quartzoſe paſte, ſcintillating ſpar in large 2 n 
© 4 fragments and ſchorl, - - 
ig "1 | Quartz, ſchorl and ſteatites, = = - = = Tuberculous rock. 
! iq | Quartz, ſcintillating ſpar, and ſchorl, „Granite. 
Wy or FOUR GENERA. 
* Quartz, ſcintillating ſpar, ſchorl, and mica, Granite. 


. Or SEVERAL GENERA MORE OR LESS IN ? Unive 1 
NUMBER, UNIIED IN BRECCIAS, = = = = | 


DOUBLE BRECCIAS, 


7; 3 hyty, 
8 1. Fragments of porphyry, with a paſte of porphj 
1 — = Fragments of granite, with a paſte of ichorl, 


apa» 


chorl. 


arble, 


rble. 
za, 
aralta 


(par, 


rpentich 


orphytfs 
zorl, 
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VOLCANIC PRODUCTS *. 
Grxnus I. Lavas, or volcanic Matters; that is to ſay, formed 
by Volcanos. 


Species J. Porous Scoriæ. 1 : 


{8 in irregular maſſes. 
2. in ſtriped maſſes, 
111% J 3. in ſtalactical forms. 
Vin 25 in fragments. LAPILLo. 
2 in ſmall fragments. yoUZzZOLANA. - 
in powder. VOLCANIC CINDERS. 


Species II. Baſaltes, 


Compact and ſcintillating, blackiſh cinereous fracture, with brilliant 
points, without ſmall plates, like thoſe of ſcintillating ſchiſtus. 


1. in irregular maſſes, 
2. in round maſſes, 
Varieties. J z. in flat maſſes or tables. 
4. in priſms of 3, 4, 5, 6, 7, 8, or 9 ſides. 
5. in articulated priſms, 


Species III. Glaſs. 


1. in detached fibres. GLASS GALL. 
Varieties, J 2+ in agglutinated fibres, puMiCE 8TONE. 
in compact maſſes. VOLCANIC SCORIA. 
LAPIS OBSIDIANUS. 


Grxus II. Volcanified Matters or Subſtances altered by the 


heat of volcanos appearing to have been baked, calcined, melted, 
or vitrified. 


Species J. Granite. 
II. Garnet. 
III. Hyacinth. 
1/7, Mica. 
J. Peridot. 
VI. Quartz. 
FTI. Schorl. 
VIII. Scintillating Spar. 
ILK. Calcareous Matters. 
. Baked Earths, Tripoli. 


Are 


M. Daubenton places the volcanic products at the end of the minerals, without 

| ranzing them under any one of the four orders that conſtitute his method. As it 
I ſul to ſtudy the hiſtory of thoſe ſubſtances togethcr with ſtones, I have _ 
oper to adjoin them hexe. F. | 


S 11 
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8 TONE 8, 1 nature ic not ſufficiently known to indicate the 
claſſes to which they belong. 


„ 


— Sus nm arr > 


Jargon of Ceylon, 


— 


Ne 


8 
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, Cryflallized in rectangular prijens, with pyramids of 4 trian 


my * 3 * * — 
3 — =» — 
— * * * 
2 — - Woe 1 8 
"TY 4 — 
m4. 


10 gular faces. 

FE! 

|| I It ſeems that the name of Jargon is given to many ſtones, 
|} . whoſe ſtructure is yet unknown. | 
[ Macles, 
| 1 In ſquare pri iſms or cylinders, "I tranſverſe ſectiun pri a 

1 blue croſs. 

| i | The Macle has been regarded as a ſchorl; but this opinion is 

Tt not yet proved. 

1 White Cryſtals, 
11 In flattened priſms of 10 %. Pe with 2 ſummits 0 4 faces, ont | 
FIT forming a concave, and the other a convex ſolid angle. | 
| . l 
| Violet or green Cryſtals, 
| 1 Rhomboidal with 2 fours infiead of 7200 7227 os te angles. . 

* 3; 

148 | The name of Schorl has been given to theſe white, violet, and 
| 3 green cryſtals, though they do not appear to be of the nature of 

11 ſchorls. 
14 
13 

1 CHAPTER III. 
. 
1 ON CLASSIFICATION OF EARTHS AND STONES, ACCORDING To 

1 THEIR CHEMICAL PROPERTIES. 

4 | | Te 

It Cuxuisrs, who have employed themſelves in the examination of 

| minerals, have adopted the opinion, that it 1s of 1mportance to 

aſcertain their mutual agreement or difference from their re- 


ſpective nature and chemical properties. And though their li- 
bours have not yet been ſufficiently diverſified and extended with 
reſpect to earths and ſtones, to afford a foundation for any ve) 
accurate arrangement of theſe ſubſtances on ſuch principles; i 


— — — — — — > Oe > Bern — 
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;;, nevertheleſs, of importance to know the actual ſtate of the 
information we poſſeſs concerning their chemical properties, 
and the influence thoſe properties may have on the method of | t 
caſhing them. | | ih 10 | 

Among the many philofophers who, ſince the time of Cron- FR 
ſtedt, have availed themſelves of the chemical properties in the | 
claſſification of earths and ſtones, Meſſrs. Bucquet, Bergman, and 
Kirwan, have ſucceeded the beſt, and have exhibited the moſt 
valuable and complete ſyſtems of lithology, conſidered chemically. 
The order followed by theſe three chemiſts not being the ſame, 
and each poſſeſſing its own peculiar advantages, we think proper 
to explain them in order, at the ſame time pointing out their 
reſpective defects. — 


1. The Chemical Diviſion of Karths and Stones, propoſed by M. 
Bucquet. 
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Mr. Bucquet, after having long endeavoured to unite the di- 
ſtinctive external characters made uſe of by naturaliſts in their 
arangement of earths and ſtones, with thoſe which chemiſtry 
aſtords, had at length adopted a compound arrangement, which 
he propoſed to have uſed in his lectures, when his death de- 
prired the ſcientific world of the continuance of his labours. In 
the converfations I had the happineſs to enjoy with him during 
the lingering illneſs to which he at laſt fell a ſacrifice, I colle&t- 
ed every detail relative to his lithologic method; and the fruits 
of theſe valuable converſations have been already communicated 
to the public in the firſt edition of this work. I ſhall here re- 
peat the ſame, with the addition of ſuch notes as the labours of 
men of ſcience fince the year 1779 have rendered neceſſary. 

According to Mr. Bucquet, earths and ſtones are divided into 
three ſections. The firſt comprehends the ſimple earths and — 1 
ones; the ſecond, the compounds of thoſe ſimple bodies; and wt 
the third, the mixtures of either or both. ö | | 

Simple earths and ſtones in a ſtate of purity are inſipid, dry, f | 

| 


lard, inſoluble, and infuſible ſubſtances. If ſome of theſe ap- 
pear to poſſeſs theſe characters in an inferior degree, more par- 
ticularly by being in a certain manner fuſible, it is always to be 
tributed to the admixture of foreign matters. The chemical 
nalyſis ſhows their purity, by its inſufficiency to ſeparate them | | 

Si 1 FO 
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into other more ſimple ſubſtances. The number of theſe Rane 


is much leſs than Bucquet ſuppoſed. 

Compound earths and ſtones muſt be conſidered as contin 
tions of different ſimple earths, with ſaline and metallic {ub. 
ſtances. Theſe combinations have been made i in the great labo. 
ratory of nature, by means of water or of fire. Their chemi. 
cal characters are fuſibility, the property of affording various 
kinds of glaſs by the action of fire, and the property of being 
ſeparated into other more ſimple ſubſtances by the action of {ol- 
vents, more eſpecially acids. 

Mixed earths and ſtones are known to be ſuch by the eye, 


They ſeem to be compoſed of an irregular aſſemblage of dif. 


ferent ſtones or earths, either ſimple or compound. It may readi. 
ly be conceived that this irregular mixture muſt be mechanically 
ſeparated into its parts before the chemical analyſis can be pro- 
ceeded on, which muſt be done by the examination of each 
kind by itſelf. Chemical experiments may then determine their 
nature with certainty. 


SECTION I. 
Simple Earths and Stones are divided into four Orders. 


ORDER I. VITREOUS STONES. 


They poſſeſs extreme hardneſs and perfect tranſparency ; their 


fracture is vitreous ; they give fire with the ſteel ; and the action 
of heat alters neither their tranſparency nor their hardneſs. 

This firſt order contains two genera z rock cryſtal, and the v- 
treous precious ſtones, 


Genus I. Rock 4 Cryſtal, 


Rock cryſtal exhibits all the characters of vitreous precious 
ſtones, in the moſt eminent degree. It is diſtinguiſhed from thc 
following genus by its fracture, which is ſimilar to that of glals 

Its various kinds may be diſtinguiſned | 


« With reſpect to their form. 


Heeicn.—1. 5 hexakedral cryſtals, with two hexahedral 
pyramids. According to the Abbe Rochon, they 
produce the diviſion of gh uſually called double 
refraction. 
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2. Hexahedral cryſtals in groups, with one or twe 
points. 

3. Tetrahedral, dodecahedral, flattened, &c. erpitals 
Theſe are always hexahedral cryſtals, whoſe facets 
are varied and irregular. 

4. Rock cryſtal in maſles from Madagaſcar. It has the 
property of double refraction, like the firſt. 


2. With reſpect lo colour. 


- Reddiſh rock cryſtal, 
Smoky cryſtals. 
Black cryſtals. 

. Yellow cryſtals. 

9. Blue cryſtals. 

10. Green cryſtals. 


80 I SY wu 


3. With reſpect to on events. 


11. Hollow rock cryſtal. 
12, Containing water. 
13. One cryſtal included within another (embolits). 
14. Rounded ; pebbles from the Rhine. 
15. Encruſted with metallic calces. 
16. In gæodes. 
17. Containing amianthus. 
18. Containing ſchorl. 
19. Encruſted with pyrites. 
Their formation by water is proved 
1. By their tranſparency. 
2. By the form of ſmall cryſtals. 
3. By the encloſure of one cryſtal in another. 
4+ By their including ſubſtances alterable by fire. 


Theſe ſubſtances are cut and polithed into the form of vaſes 
and into toys. 


GENus II. Vitreous precious Stones. 


The precious ſtones placed under this diviſion have all his 
al characters of rock cryſtal, and more particularly its unchange- 
'y ableneſs by fire. Though this arrangement may ſeem an inver- 
don of the natural order, and Bergman has aſſured us, that he 
has found theſe ſtones to conſiſt of ſeveral matters combined to- 
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ether; yet in their hardneſs, tranſparency, and habitudes in 
the fire, they greatly reſemble rock cryſtal. They differ from 
it, however, in their ſuperior hardneſs, more lively and clear co. 
lour, and in their fracture, which is lamellated. The chemical 
difference which exiſts between all precious ſtones, more eſpe. 
_ Tially as far as relates to the alterations produced in them by fire, 
induced M. Bucquet to ſeparate them from each other, and to 
include them reſpeCtively in ſuch orders of ſtones as they ap- 
peared to reſemble the moſt. 

The following four precious ſtones are diſtinguiſhed from the 
reſt, by the appellation vitreous. 
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Species. — 1. Oriental topaz. 
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: j | 0 2. Hyacinth. 
1 7 3. Oriental fapphire. 
; | | 4. Amethyſt. 

Wih | M. Daubenton always regarded this laſt as a quartzoſe cryſtal, 
FILE 
r - „ 
1 ORDER II. QvARTZ OSE STONES. 
1 b 4 They have leſs hardneſs and tranſparency than the foregoing 


it Their fracture is vitreous, and they ſtrike fire with ſteel, Heat 

1} . cauſes them to loſe their hardneſs and tranſparency, and reduces 
1 them to a white and opake earth. We ſhall range four . 
nera of ſtones under this order. 


hn ARE 
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. Genvs I. Quartz. 
4 ] | Has all the preceding characters. 


1 | 
7 — 


* 


! | Specier.—T. Tranfparent quartz, cryſtallized i in hexagonal] pyri- 
1 fl | 5 mids, without priſms of any ſenfible length, or with 
[ ; | very ſhort priſms. 

Fill | i 2. Tranſparent quartz in maſſes. 
me | | 3. Opake, or milky quartz. 

| 1 4. Fat quartz. 


* It is on account of their different habitudes in the fire, that M. Bucque- 
thought it proper to diſtinguiſh quartz from rock cryſtal, and to make a particu- 
lar genus of each. He has alſo obſerved, that this ſtone quenched in water, af 
ver having been heated red for ſeveral ſucceſſive times, communicated acid pre- 
perties to the fluid. Future Experiments muſt determine whether this diſtin®19 


de well founded. F. 
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„ Weathered or rotten quartz. 
6. Green, blue, or violet quartz; priſm of amethyſt, 
7. Yellow quartz of a lamellated fracture. 


Saxon. 
Brazilian. 


Topaz, 
Theſe topazes have all the characters of quartz. 
Genvs II. Flint, Agate, 
Flints and agates form ſmall round maſſes, moſt commonly 
opake (though ſometimes ſemi-tranſparent), either hollow or ſo- 


lid, variouſly coloured and diſpoſed in ſtrata ; in chalk, as is the 


caſe with flints 3 or in clay, as are the * Their fracture is 
ſometimes ſcaly, 
Species, —1. Grey flint. 

2. Yellow flint, 

3. Red flint. 

4. Corneous flint; gun-flint, 

5. Brown flint; Egyptian. 

6. Tranſparent ſpotted flint ; German agate, 

7. Red agate; Carnelian. 

8, Pale red agate, | 

9. Brown or yellow agate ; ſardonyx. 

10. Onyx; concentric laminæ. 

11. Laminated agate, diſpoſed in horizontal layers. 
Much of the appearance of the laminæ, and their 
diſpoſition relative to the figure of the ſtone, de- 
oy on the cutting. 

Dendrites ; herborized agates *, 

12. 4 with my Antropomorphites. 

gures. 1222 

5 e 

Agate apparently mouldy, or marked with ſmall 
greeniſh points, generally owing to moſſes. 

14. Agate of four colours; elementary. 

I5. Grey agate; grey chalcedony. 

16. White or milky a- ſ in beds. 

oy chalcedony. in ſtalactites. 
worn round; cacholong. 


13 


— 


M. e 15 ſhown, in a memoir read to the Academy, that herborized 
denes contain very fine moſſes, or ſmall grains of black iron ore. 
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Chatoyant agate of the lapidaries, 


17. White agate, refleQ- | ©, _ 


ing the light in a pe- 
culiar manner, call- mg * me hydrophane, 
ed chatoyant. | | Girafol, 

18. Brown agate, with brilliant gold-coloured ſpecks. A. 
vanturine. 


19. Oriental agate. 
20. Agate encloſing water. Enhydre. 


That the formation of quartz, agates, and flints, is owing to 
water, is evident from 


1. Their form. 
2. Their laminæ, or beds. 
3. Their maſſes. 
4. The water they contain. 
5. The organic matters included in ms as in the moſſy or 
mouldy agates. 
The hiſtory of the gæodes likewiſe proves this truth. Theſe 
are ſtony boxes filled with cryſtals, in which ſilex and quartz arc 
found diſpoſed in concentric laminæ. 


Genvs III. Organic Matters converted into Silex, or Agate. 


The organic form ſtill viſible, together with the characters of 
quartzoſe ſtones, diſtinguiſh them from all the other Oy of 
this order *. 

Species.— I. Petrified wood; full fibrous, and ſuſceptible of po- 

liſh. 

2. Wood, whoſe ſpecies is diſtinguiſhable on account 
of its texture. Fir. 

3. Sea urchins and madrepores, converted into ſilex. 

4. Shells agatified. 

5. Carpolites; theſe have been falſely regarded as petri- 

hed fruits; they are ſmall Judus helmontii filicifed. | 

6. Entrochites. 

7. Lapis frumentarius ſiliceus. 


— 


2 
K — — 


* It would, perhaps, be much more natural to fem a particular claſs of animal 
and vegetable ſubſtances, altered during their ſtay in the earth. This claſs might 
be named foſlils, and might be placed at the end of the organized kingdom. Note 
of the author. 
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It gives fire with the ſteel, does not efferveſce with acids, and 
ſeems to be formed by the afſemblage of cornua ammonis, divid- 
ed perpendicularly to their volutes. 

There are two opinions concerning petrifaction. According 
to the one, the organized matters are entirely converted into 
ſtone. According to the other, the void ſpaces left in ſoft earths 
by animal ſubſtances, or the intervals in the texture of vegetable 
bodies, have been filled by the gradual depoſition of earthy mat- 
ter. But there is nothing certain with regard to the cauſe of 
this phenomenon. It has been obſerved, that vegetable matters 


almoſt always become quartzoſe, while animal matters moſt com- 


monly become calcareous z and that vegetables ſcarcely ever paſs 
into the calcareous ſtate, at the ſame time preſerving their tex- 
ture“. This obſervation may ſuffice to ſhow, that there is no 
ſuch thing as petrifaCtion, properly ſo called, or real change of 
organized ſubſtances into ſtone. For, 1. Shells and madrepores 
ſuffer no other change than the loſs of their mucilage or animal 
gluten by putrefaction, and become thin calcareous ſkeletons, 
ſuch as they exiſted entire during the life of their inhabitants. 
2. The pretended petrifactions of wood are nothing more than 
depoſitions of vitrifiable earth. In proportion as the fibres are 
deſtroyed by putrefaCtion, filiceous earth is depoſited in the ca- 
vity, which retains the organic figure ; and at length, when no 
more vegetable matter is left, the petrifaCtion is completed. 


Genvs IV. Jaſper. 


Jaſper poſſeſſes all the characters of quartzoſe ſtones. It is 
not fuſible, but loſes its aggregation by heat. It is a very hard 
| ſtone, ſuſceptible of a beautiful poliſh, opake, and variegated 
with different colours. Its fracture is vitreous and dull. It is 
very ſeldom ranged in ſtrata, but moſt commonly forms conſi- 
derable maſſes or veins in rocks. It is alſo found in ſmall round 
maſſes. Moſt of the ſamples of jaſper are mixtures of quartz 
and chalcedony. Some contain calcareous ſpar. 


mm 


Since the diſcovery of the fluoric acid gas, which has the property of depo- 
ſting filiceous earth, ſöme naturaliſts have tföught that petrifaction is owing to 
a ſimilar phenomenon ; but this opinion can be only regarded as an hypotheſis, till 
the exiſtence of an acid holding ſiliceous earth in ſolution in the bowels of the 
cart can be ſhown. Note of the author, | | 
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The ſpecies of jaſper have been greatly tnultiplied by natura. 
Hits. They may be reduced to the following: 


* - White jaſper. 
2. Grey. ; 
3. Yellow. 
4. Red. 
5. Brown. 
6. Green. 
- 7. Veined. 
8. Spotted. 
9. Green, with red points. Blood ſtone. 
10. Flowered. 


Toys, and more eſpecially cups and ſaucers, are made of ja 
per. Many antique * are in ſtones of this nature. 


Genus V. a or Free- ſtone. 


Grit-ſtone is opake, of a granulated fracture, much leſs hard 
than quartz or flint. It exiſts in enormous maſſes, more or leſs 
hard, and of a grain coarſer or finer in different ſpecimens, 


Species. — . Grit-ſtone cryſtallized in rhomboids. M. de Laſſone 
has proved that their figure is a conſequence of 
their containing calcareous earth *. 
2. Grit-ſtone in the form of cauliflowers, balls, &c, 


3. Grit-ſtone in ſtalagmites. 
4. White. | 
5. Grey. 
6. Red. | 5 6 
7. Black, or brown. | 
8. Veined. = 7 { 
9. Figured, or dendritical. | 
10. „ whoſe aggregation is deſtroyed; ſand. 5 
The following are the varieties of ſand: 9 
ar 


Varieties.— 1. Quickſand. 
2. Angular ſand. | 
3. Sand rounded by the action of water, | 00 
= * e . | 


the. 


3 f 


Memoirs of the Academy of Sciences for the year 1777. 


5 W ſand; glarea. 
6. Vellowiſh ſand mixed with clay; Sende 8 . 
7. Ferruginous ſand; yellow. 
8. Ferruginous ſand; black. 
9. Blue ſand; from copper. 
10. Violet ſand ; from tin. 
11. Auriferous fand. 


ORDER III. ARGILLACEOUS EARTHS AND STONES. 


They have a greaſy feel; are kneadable; ſtick to the tongue 
when dry; are foliated; often coloured; are  dilpoled | in beds or 
ſtrata, and in large maſſes, 

Their aggregation 1s leſs ſtrong than that of quartzoſe ſtones. 
They have a greater tendency to combination, and are therefore 
moſtly altered. Heat cauſes them to contract in their dimen- 
fons, and gives them fo great a degree of hardneſs, that they 
emulate the quartzoſe ſtones, and, like them, give fire with the 
ſteel, Water reduces them into paſte, and in larger quantities 
divides them, and renders them pure by the mechanical ſubſi- 
dence of the groſſer ſubſtances they may contain. They retain 
water ſo ſtrongly, that they cannot be again totally deprived of 
It, 

Part of their ſubſtance combines with-acids. Some chemiſts 
have ſuppoſed that clay is nothing but the ſiliceous earth changed 
by the ſulphuric acid; but this opinion is not founded on any 
direct proofs. 

Many naturaliſts have thought that vitriſiable earths, by long 
expoſure to external agents, water, air, and heat, become more 
and more divided, and are at laſt reduced to ſuch a degree of 
ſubtlety, as to be ſoft to the touch, and ſuſceptible of union with 
water; or, in a word, that they become clay. This theory, be- 
ing founded on ſome accurate obſervations, ſeems to deſerve more 
confidence than the former; but neither the one nor the other 
are completely proved. 

On the two properties of clay, namely, its duQility when ſof- 
tened by water, and the hardneſs it acquires by baking, are found- 
ed the arts of making tiles, bricks, and all the varieties of potte- 
'y; the details of which belong to the hiſtory of theſe earths. 

Naturaliſts have deſcribed a great number of f. Pecies of argilla- 


—— 
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ecous earths, and have confounded with them many which are 
not argillaceous, as well as certain compound ſtones, as lerpen. 
tine, zeolite, trapp, &c. 

The name of argill, pr clay, ought not to ba given to any 
earths but ſuch as harden in the fire, are kneadable with watery 
and form alum with the ſulphuric acid. 

M. Macquer, who has examined a great number of clays“, 
found none abſolutely pure. The colour and fuſibility of many 
of the ſpecimens are owing to the admixture of different combuſ. 

tible and metallic ſubſtances. 

The late M. Bucquet diſtinguiſhed them into four genera. 


N Gxxus I. Soft and ductile Clays. 


105 They may be kneaded when firſt dug out of the earth; they 
| | + become dry in the air. 
f 


1 | Specier.mms., White clay; pipe clay. 

11 2. Sandy clay. 

+ 11 23. Ductile blackiſh clay; ; for white pottery. 

10% 4. Clay with mica, kaolin; partly fuſible; for porce- 
lain. 

it 5. Metallic clay; fulible ; ſealed WY Armenian bole. 
141 | F 6. Pyritous clay; fuſible; blue, green, or marbled; for 
4400 | | common pottery. 


418 — Genus II. Dry friable Clays, Tripolis. 


Fit All the clays which M. Bucquet ranked among the tripolis, 
14 are found dry in the earth. They are all formed in beds or ſtra- 
| \ 17 ta, frequently very thin. They all wear away by rubbing with 

5 | the finger, and are reduced into powder. They imbibe water 
LH | : with great avidity, and ſtick to the tongue. 


| jt 4 N i 1 1. Dry, grey, foliated clay; ; fuller's . a 
I | 2. Red tripoli. Some ſuppoſe it to be a volcanic pro- 
+ 138 | duction. a ny 
1 | 3. Grey tripoli. 
TR. 4. Black tripoli. 
5. Rotten ſtone; of an olive grey. 0 
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Gexvs III. Schiſti, 
ne ſchiſti are laminated ſtones, which eaſily ſplit into plates; 
they are very much compounded, and fuſible. They form large 
blocks, placed with various degrees of obliquity in the interior 
parts of the globe. Almolt all the quarries of this ſubſtance 


have impreſſions on their upper ſurfaces, of parts of plants, of 
the claſſes of ruſhes, fern, &c. and of ſhells, fiſhes, inſects, &c. 


Shecies,—1. Black ſchiſtus, friable ; ampelite. | 
| 2. Fiſſile ſchiſtus, ſlate. | 
3. Black ſchiſtus, hard, ſlate for writing. 
4. Red, brown, &c. ſchiſtus. 
F. Schiſtus, with vegetable and animal impreſſions, 
6. Very hard ſchiſtus, for ſharpening razors. 


Genus IV. Feld-Spar. 


It is formed by rhomboidal laminæ; its fracture is ſpathoſe ; 
gives fire with the ſteel; whence it has been called ſpatum 
{cintillare. It is harder than the ſchiſti, and is fuſible. Mr. Buc- 
quet thought it to be an argillaceous ſtone, coloured by iron. 
M. Monnet ſays, it is compoſed of quartz, clay, magneſia, and a 
nal portion of calcareous earth. The difference of opinions 
jelpecting the nature of feld-ſpar, a ariſes from its not being yet 
well known, Future experiments may ſerve to fix its place“. 


Hecles.— 1. Priſmatic feld- ſpar +. 
2. White feld-ſpar. 
Red feld-ſpar. 
Green feld-ſpar. 
Blue feld-ſpar. 


** 
_, 


On Þ w 


by 


Father Pini, an Italian naturaliſt, is the firſt who diſcovered the feld-ſpar in 
« cryitallized form. Since his time, it has been found in many parts of France, 
particularly at Raanne in Forez, where they are very regular. I have given a full 
aelcr;ption of the feld-ſpar found in the granites of Alengon, which is one of the 


moll regular and beautiful I know. See my Memeires de Chimie. Note of the au- 
tor, | | „ J 


M. Daubenton has placed it among the ſcintillating ſtones. Three characters | 
Tkinguiſh it from every other kind of ſtone. Its texture is ſpathoſe ; it is cha- 1 
toyant; and it gives fire with the ſteel. From theſe characters, this genus ought 1 
— v contain more ſpecies than the late M. Eucquet attributed to it. M. Daubenton 19 
r:ccons the fiſhes eye, the avanturine, the Labrador ſtone, &c. of this genus. See | 's 
lis tables. Note of the author. Lf { 
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ORDER IV. FALSE CLAYS. 


They reſemble clays only in their foliated texture, and greaſy 
appearance z ſome harden in the fire, 

They differ from clays, in not making a paſte with water, 
and molt part of them melt in the fire. With the ſulphuric acid, 
they afford a ſalt in needles, which does not change in the air, is 
ſoluble in four or five times its weight of water, and does not 
ſwell in the fire. In a word, it is not alum. Theſe characters 
have been given by M. Bucquet, who examined many of theſe 
ſtones. But as they are yet very little known, they may be pla- 
ced after the clays. The Abbe Mongez obſerves, in his intro- 
duCtion to the Sciagraphia of Bergman, that theſe ſtones would 
be more properly termed magnefian. I am much inclined to 
adopt this nomenclature ; but more numerous experiments ſeem 
to be neceſſary, before this name can be unalterably fixed, 


Genus I. Lapides Ollares, hard. 
Their texture is ſcarcely at all foliated ; their appearance is 
grealy ; they take but a bad poliſh. 
Shecies.— 1. Grey lapis ollaris from Sweden. 

2. Greeniſh colubrine of Sweden. 

3. Yellowiſh ſoap- ſtone of China. 

4. Brilliant green; jade. The lapis nephriticus, and 
thoſe of Otaheite, were varieties of jade, according 
to M. Bucquet. We may obſerve that jade is very 

hard, and gives fire with the ſteel. It is doubtlels 
after Pott, that M. Bucquet placed it among the h- 
pides ollares. | 

5. Dirty green lapis ollaris. Colubrine. 

6, Serpentine. A ſtone of deep green, or blackiſh co. 
lour, with black ſpots or veins, like the ſkin of {er- 
pents. We have placed it at the end of the lapides 
ollares, on account of its aſpect, though it ſeems to 
be a compound ſtone. | 


Crxvus II. Tender Lapides Ollares, teatites or Smectites. 
They have a more ſoapy feel than the preceding. They FL 


very eaſily cut; they lather with water; ſome kinds have a fk 
ing reſemblance with ſoap. 
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Spaß. —1. White ſteatites, compact; Briangon chalk. 

2. Brilliant or glittering Briangon chalk. Venetian tale 

of the druggiſts. 

3. White ſteatites from Norway. 

4. Red marbled ſteatites from Norway. 

5. Reddiſh ſteatites from Norway. 

6. Green compact ſteatites from Norway. 

7. Green and red ſteatites from Norway. 

3. Green ſteatites, foliated; tender colubrine from Nor- 
way. 

9. Black ſteatites. 

10. Grey and brilliant ſteatites, plumbago, molybdena, 
and improperly black lead. This being pulverized, 
and made into a paſte with iſinglaſs, is encloſed in 
ſmall wooden cylinders, which are cut to a point at 

the end, and uſed as crayons or pencils *, The 
Engliſh pencils are made of plumbago alone. 


Getnus III. Talc, 
it is compoſed of poliſhed and glittering laminæ, of a jelly-hke 
tranſparency, applied one on the other. It appears that theſe 
huminæ are ſometimes cryſtallized in hexagons, or ſections of ſix- 
ſded priſms, By a violent fire it melts into a coloured glaſs. 
Secies—1, Talc in large tranſparent plates; Muſcovy glaſs. 
2. Talc in very ſmall ſilvery white ſpangles. 
3. Talc in very ſmall gold-coloured ſpangles. 
The two laſt mentioned are uſed as writing ſand, 
under the name of filver or gold duſt. 
4: Talc worn into the form of pebbles. 
5. Talc in black ſpangles. 
6. Talc in mixed brilliant ſpangles. 


- Af 3 nn 1 bd — »- » * — « 1 a 
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* Since the death of M. Bucquet, and the ſirſt impreſſion of this book, Meſſrs. 
Scheele, Gahn, and Hielm, have made very ſucceſsful reſearches into the nature 
of plumbago. They have diſcovered that this ſubſtance is a kind of ſulphur, form- 
ech according to them, by the combination of the aerial or carbonic acid with phlo- 
viſton, We ſhall give its hiſtory in that of iron. The ſame chemiſts, and eſpe- 
"ally I. Scheele, have made a proper diſtinction between molybdena and plum- 
byo; which naturaliſts have, till lately, confounded together. Molybdena is re- 
285 by Scheele as a compound of ſulphur and a peculiag acid, which he called 

te acid of moly bdena. (Sce the Hiſtory of Sulphur.) It is the plumbago which is 
5 for crayons. Note of the author. 
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Genus IV. Amianthus, Aſbeſtos. 


This genus of ſtones is formed of fibres or threads placed pa- 
rallel to each other, or interlaced together like tiſſue; the fibres 
are either rigid or flexible, and differ from each other in thick. 
neſs, length, and colour. The ancients wove them into a cloth, 
which was called incombuſtible linen, and uſed to envelope their 
dead when burned on the funeral pile. It ſerved to retain and 
collect their aſhes, &c. 

By a violent fire, amianthus is eafily melted into a coloured 
opake glaſs. | | 
Species —1. Aſbeſtos, hard and grey, with parallel fibres; ligne- 

ous aſbeſtos. 
hard and green in parallel fibres. 


3 
3. „hard and green, with fibres in bundles. 
4. „with diverging fibres. 


> „with ſoft fibres. 
6. Amianthus, hard, with parallel greeniſh fibres. 
7 
8 


„ hard, with parallel white fibres. 
„with white brilliant fibres in bundles. 


„ in hard bundles, yellowiſh. 


55 , white and flexible, 
11. „ grey. 
12. Mountain fleſh. 

3 leather. 

14. cork. 


SECTION II. 


Compound Earths and Stones. . 
it 


They are not diſtinguiſhable by the eye from thoſe of the pre- ne! 
ceding ſection. As to their characters, they are formed of mat- to 


ter apparently homogeneous, almolt always coloured, moſtly 0- ſem 
pake, but ſometimes tranſparent, and moſt ſpecimens are regu- ref 
larly cryſtallized. Their form and colour ſerve to diſtinguiſh the and 
genera. They are all very fuſible, and afford different kinds of lyſis 
glaſſes. Their fracture is ſometimes vitreous, ſometimes ſcaly. cart] 
In theſe ſubſtances it is that nature has combined earths, ſalts, ** 

{mall 


and metals together. 


M. Bucquet divided theſe ſtones into two orders. In the firſ has t. 
| fryit 


» 
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were comprehended earths and ſtones, compoſed by water, to 
which he gave the characters proper to the products of that ele- 
ment. He divided this order into two genera, namely, ochres 
and zeolite. In the ſecond, he placed ſchorl, macles, trap, azure 


ſtone, the fuſible precious ſtones, volcanic cryſtals and glaſſes, 
and pumice ſtones. He regarded theſe eight kinds of ſtones as 


the products of fire. We have conſidered it as our duty to ex- 


libit the ideas of this celebrated chemiſt ; but as the diſtinctive 
characters of theſe two orders are not yet eſtabliſhed on nume- 
rous and concluſive proofs, and as M. Bucquet himſelf propoſed 
them as mere ſketches, we ſhall here give the hiſtory of the ſeve- 
ral kinds in ſucceſſion, without adhering to his method of divi- 


ſion. 


GENUSs I. obe 


Ochres are leſs acted on by water than clays. They are fri- 
able, and ſoil the fingers; their colour is cauſed by metallic ſub- 
ſtances, almoſt always iron. When urged by fire, their colour 
becomes more intenſe. A violent heat melts them. They are 
uſed as pigments. 


Spcier,>-1, Yellow ochre. 
2, Red-ochre, blood colour. 
3. Green ochre ; earth of Verona. 
4. Brown ochre ; umber. 


GENus II. Zeolite, 


Zeolite, firſt deſcribed by Cron iredt, is a ſtone compoſed of 
needles diverging from a centre, or even of detached cryſtals. It 
either gives fire with ſteel, nor efferveſces with acids. Expoſed 
o the action of fire, it ſwells up, and affords a white glaſs re- 
-mbling enamel. By diſtillation it affords much water. The 
ſeſidue contains, according to Bergman, ſiliceous, aluminous, 
and calcareous earths. M. Bucquet, who likewiſe made the ana- 
vs of this ſubſtance, affirms, that he found very little ſiliceous 
arth, and a peculiar earth, which is neither aluminous nor cal- 
careous, but forms with the ſulphuric acid a cryſtallizable falt in 
{mall thining plates, reſembling the boracic acid ſalt, which he 
has Sought proper to call zeolitic earth. Theſe two earths are 
fiallizable together by the aſſiſtance of water, which makes 

T 1h 
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more than one eighth of the whole compoſition. M. Bucgre: 
obtained one drachm and a half of water from an ounce of the 
white zeolite, of the Iſland of Ferro *. The property of forming 
a jelly with the different acids is not peculiar to this ſubſtance, 
but is common to the azure ſtone, tin, and to ſeveral ores of 
Iron, &c. Its origin and formation are unknown; but it is 2. 
bundantly found among the products of yolcanos, It is very 
plentiful in the Iſland of Ferro. We are acquainted with fi 
ſorts. | 
Species, — 1. White zeolite in tranſparent faſces. 

2. White zeolite in compact faſces. 

3. Red zeolite. | 

4. Green zeolite. 

FB. Blue zeolite. 
The red, green, and blue, have not been examined. 


Gexus III. Schorl. 


Schorl is a ſtone of a more or leſs dark colour, cryſtallized, and 
varying in its figure, moderately brittle, and giving fire with ſteel, 
It readily melts into a black opake glaſs, According to M. Buc- 
quet, it contained alumine and iron in combination. Bubbles 
have been obſerved in the internal part of ichorls, ſimilar to lobe 
in the lags at glaſs-houſes. 

Its origin is not well known. Some perſons regard it as a vol. 
canic product, becauſe it is frequently met with in places which 
have been burned ; but it is likewiſe found _— matters form- 
ed by water. 


Species —1., Violet ſchorl, cryſtallized in flat rhomboids. 

2. Violet, in ſibrous maſſes. 

3. Black, in priſms of four, ſix, eight, or nine fides; 
with pyramids of two, three, or four faces, like tlc 
violet ſchorl. 

4. Black ſchorl in maſſes. 

5. Green ſchorl in lamellated maſſes. 


— - T 


* Memoires des Suvans Etrangers, Tom. IX. page 576. 

+ M. Pelletier, the pupil of M. d'Arcet, has given (Fournal de Phyſique, 1755 
p. 420.) a memoir on the analyſis of the zeolite of Ferro. By very accurate ere 
riments he found that 100 grains of this ſtone contain 20 of pure clay, 8 of line, 
$o of ſiliceous earth, and 22 of water. Note of the author. 
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6. White bluiſh ſchorl. | | 
7. Electric ſchorl of a reddiſh yellow, tourmaline. 


Genus IV. Macles. 


By this name we underſtand certain priſmatic opake ſtones, of 
a dirty appearance, often regularly formed. Their analyſis made 
by M. Bucquet, ſhows that they approach the nature of ſchorls. 
They are compoſed of iron and clay. 


Heries.— J. Tetrahedral macle, whoſe ſection ſhows the figure 
of a croſs. It 1s found in a kind of hard, deep blue 
ſchiſtus of Brittany; it is very adheſive, and very brit- 
tle. When broken, two bluiſh lines are ſeen on its 
tranſverſe ſection, interſecting each other in the 
middle, and forming a croſs. Sometimes the mid- 
dle of the priſm appears to be filled with a matter 
ſimilar to that of the gangue. 

2, Croſs- ſtones. Hexahedral priſms, articulated and 
croſſed in the middle hike the arms of a croſs. 
They are found in the leaves of yellow mica. The 
two branches ſcarcely ever croſs each other at right 
angles, 


Guus V. Trap. 


Trap is a hard ſtone, of a fine grain, of a foliated fracture, 
with angular indentations like ſteps. It is of a deep blackiſh 
green, often inclining to the colour of ochre : Suſſiciently hard 
to give fire with ſteel z and affords a blackiſh glaſs in the fire, 
lt is always covered with a kind of matter leſs hard than its own 
lubſtance, Its component parts, according to M. Bucquet, are 
ay and iron, the latter being in the proportion of twenty-five 
pounds per quintal; ſo that it may be ranked among iron ores. 
M. Daubenton conſiders it as a ſchiſtus containing quartz in ſand. 
We know but of one kind of trap, which is that above deſcribed. 


Gzxus VI. Azure Stone; Lapis Lazuli. 


Its colour, the fineneſs of its grain, the analyſis, which ſhows 
that this ſtone contains iron, are reaſons for placing this imme- 
lately after the foregoing, 'There are three ſpecies. 

p © ii! 
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Hecies.— 1. Oriental azure ſtone. | 
2. Azure ſtone of a pale blue, frequently inclining to 
purple. | 
3. Armenian ſtone, ſpotted with white and pale blue. 
The beautiful blue called ultramarine, which is uſed by 
painters, and is one of the moſt unchangeable we 
are acquainted with, is prepared from this ſtone, 


: Genus VII. Fuſible Cryſtals, called Gems. 


'The chemical differences obſerved between the ſeveral king; 
of precious ſtones or gems, induced M. Bucquet to ſeparate 
them from each other, and to claſs each in the order or ſection 
to which it ſeemed to belong. Thoſe which are ranked in this 
place are evidently of a compound nature. M. Bergman found 
them to contain many ſubſtances, fuch as ſiliceous earth, clay, 
lime, and iron. They are all fuſible, and of a laminated ftryc. 
ture. Their fracture is lamellated. | 
Species, — 1. Aqua-marinc, 

2, Emeralds. 

3. Chryſolite. 

4. Ruby. 

8. Bohemian garnet. 
6. Garnet. 


GExus VIII. Volcanic Cryſtale. 


In this genus M. Bucquet comprehended all regular formed 
ſtones, tranſparent and coloured like the gems, but which have 
neither their hardneſs nor brilliancy. They are found in cavities 
lined with ſmall brilliant particles of the ſame nature agglutinat- 
ed together, They are met with in the neighbourhood of vol- 
canos. We admit three ſpecies. | 


Specie:,—1. Volcanic chryſolite; polyhedral cryſtals of a golden 


green. | 
2. Volcanic hyacinth ; polyhedral cryſtals of orange 
yellow. : | * 


3. Volcanic garnets. They greatly reſemble ſingle gat- 
nets ; but they are irregular, and ſcattered among, 
or on the ſurface of, brilliant lavas, together with 
the two foregoing. 
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Gewvs IX. Pumice Stones. 


Moſt of the pumice ſtones : appear to conſiſt of an aſſemblage 
cf vitreous fibres, like threads wound on a clue. Their ſubſtance 
«4 true combination of various matters fuſed by volcanic fires. 

Pumice ſtones may be diſtinguiſhed into four kinds, each af 
which has many varieties. | 
Heciel. 1. White fibrous pumice ſtone. 

2. Coloured fibrous pumice ſtone, 
. Cellular and light pumice ſtones. 
4. Cellular and compact pumice ſtone. 


Genus X, Volcanic Glaſs, 


The plaſſes melted and ejected by volcanos are formed of 
earthy and ſaline matters, coloured by iron, or other metallia 
matters. They are true chemical combinations performed by 
nature in the dry way. 


| Scies—1, Cellular greeniſh glaſs. 


2. Blackiſh glaſs; cellular, or in agglutinated fibres. 
3. Beautiful black tranſparent glaſs, Iceland agate, la- 
pis obſidianus of the ancients, 


SECTION III. 
Mixed Karths and Stones. 


It is very eaſy to obſerve the leading character of the ſtones of 
this ſcion, as mere inſpeCtion is ſufficient to ſhow the different 
matters which compoſe them, eſpecially if they be properly com- 
pared with the varieties of the preceding ſeftions. We have al- 
ready remarked, that mechanical ſeparation of their ſeveral parts 
ls firſt required before the chemical analyſis can be undertaken. 
By this we find fimple united with cempound ftones. If theſe 


mixed ſtones be expoſed entire to the action of fire, they melt 
vith more or leſs facility into glaſſes of different colours and ap- 


pearance, according to the nature of the parts which compoſed 
the mixture. 

They appear to have been formed by the junction of the dif- 
{-rent fubſtances we ſee; and this junction muſt have been made 
eher by means of water or fire. This laſt conſideration engaged 
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M. Bucquet to divide this ſection into two orders like the fore. 
going. The firſt order comprehends the mixed ſtones formed 
by water; and the ſecond, fuch as have been compoſed by fire. 

This divifion being founded on a much greater number of facts 
than the preceding, induces us to admit it with much more con. 


fidence. 


ORDER I. EARTH AND STONES OF A MIXED NATURE, 
FORMED BY WATER. 


Genvs I. Petro-ſilex. 


By this name naturaliſts denote a ſtone of an intermediate 
hardneſs between the ſofter ſtones and thoſe of the ſiliceous or- 
der. M. Daubenton has placed it among the vitreous ſtones, 
becauſe it gives ſparks with the ſteel, and its fracture is vitreous, 
though rather ſcaly. Petro- ſilex has a ſemi-tranſparency reſem- 
bling wax. It is dull, and not at all ſhining, but rather of the 
aſpect or defective kind of poliſh which tallow uſually has. Its 
grain is fine, and very cloſe. It is found in very large maſſes, 
and often in beds or ſtrata of different ſhades, lying above each 
other. M. Bucquet gives us its chemical character; that of 
melting by fire into an opake glaſs. Its mixture 1s very far from 
being as evident to inſpection as that of the following genera, 
It ſeems to have the ſame characters as the compound ſtones *, 
and is, for that reaſon, placed at the head of this third ſection. 
It ſerves, as it were, as a conneCting link between the two. 

The form of its beds, the matters it frequently contains, and 
eſpecially the maſſes of it, which are placed in the bowels of the 
earth, ſhow that it is formed by means of water, 


Species,—1. Grey petro-filex. 
2. Reddith, 


3 
- 


* It is neceſſary to obſerve that theſe characters, founded on the action of firc 
on ſtones, are eſtabliſhed by experiments made by the Duc de la Rochefoucauld, 
and by M. Zuequet, in an excellent melting furnace conſtructed for that purpoſe 
in the laboratory which the diſtinguiſhed encourager of the ſciences here mention- 
ed has devoted to every kind of .reſearch that may tend to the advancement of 
chemiſtry. I have examined moſt of thoſe reſults, which will doubtleſs be com- 
municated to the learned world. This communication will confirm the valuable 
{cries of experiments made by M. d' Arcet, with the addition of many facts ſerving 
to eſtabliſh the chemical characters propoſed by M. Bucquet to be uſed in tb 
claſſing of ſtones, Note of the author. 
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Greeniſh. 


. Brown. 
Black. 

Spotted. 
7. Veined. 
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Gxxvs II. Pudding Stone. 


pudding ſtone is a mixture of flints connected by a cement of 
a different nature. 'This cement is either of the nature of free- 
ſtone, or argillaceous, or ochreous. It is ſometimes hard, and 
reſembles ſilex. 

It is not at all doubtful but its formation is effected by water, 
It is always found on the ſea coaſts, or in places which have 
been covered by water, and afterwards deſerted by that element, 


| $ecies,—1. Sandy pudding ſtone, 
2. Ochreous, 

3. Argillaceous. 

4. Siliceous. 


5. Agatiſied; ſuſceptible of the fineſt poliſh, 


Genvs III. Granite. 


Granite is formed of three ſtony matters in fragments of great. 
er or leſs magnitude united together. 50088 three ſubſtances are 
quartz, feld-ſpar, and mica. | 

It gives fire with ſteel, on account of the quartz and feld-ſpar 
it contains; its fracture is irregular, and very coarſe grained ; it 
is fuſible, but in different degrees, according to the reſpective 
quantities of the matters which compoſe it; it takes a poliſh 
more or leſs bright, according to the ſineneſs of its grain, and 
the hardneſs of the principles which enter into its compoſition, 
Some ſpecimens change by expoſure to the air. This laſt phe- 
nomenon has ferved to diſtinguiſh the ancient from the modern 
granites, The ſpecies of granite have been greatly multiplied *. 
They may, however, be reduced to the following : 


— ———— — 


Modern philoſophers have paid great attention to the natural hiſtory of gra- 
ate, M. de Sauffure has given much new and important information on this ſub- 
ect in his Poyage des Alpes, All granites are not formed by the mixture of the 
three ſtones mentioned in the text. There are fome whi ich contain ſchorl inſtead 


— 
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Species,—1. White granite. Li . 
2. Grey. | 
3. Red. 
4. Brown. 
5. Green. 
6. Black. | : 
7. Dull and friable; altered by expoſure to air. 


- 


Genus IV. Porphyry. 


Porphyry is a ſtone covered with ſpots in a ground of a red or 
other colour. It gives many ſparks with the ſteel. 

It differs from granite by its greater hardneſs, and its being 
ſuſceptible of a much more lively poliſh. It appears to be form- 
ed of feld-ſpar and ſchorl united by a quartzoſe cement. 

The cement or paſte, which forms the baſis of porphyry, is of 
a very fine and cloſe grain. The different fragments, which are 
bedded in this ground, are in general much ſmaller than thoſe of 
granite. This ſtone is fuſible, and affords a coloured glaſs. All 
the ſpecies of porphyry may be reduced to the ſeven following: 
Species, —1: Red porphyry, with large ſpots. 

2. —, with ſmall ſpots. 
3. Green 1 with large ſpots. 
4. ——— —, with ſmall ſpots. 
5. Black „ with large ſpots. 
6. — „with ſmall ſpots. 
7. Coarſe porphyry of a dirty red, almoſt without ht, 
approaching to the nature of ſand-ſtone. 


GENUs V. Ophites, or Serpentine, 


Pliny gives the name of ophites to ſtones ſpotted like the ſkin: 
of ſerpents. M. Bucquet conſidered them as ſpecies of porphy- 
ry; but harder, more ancient, and of a mixture much more in- 
timately combined. 'The name of ſerpentine, or hard ſerpentine, 
has been given to them. On comparing this ſtone with porphy- 
ry, it is ſeen that ſerpentine, as well as porphyry, is compoſed of 
a quartzoſe paſte, together with feld-ſpar and ſchorl, but that the 


— 


of mica ; others contain both ſchorl and mica. The mixture of quartz and ſeld- 
ſpar only is called granitin; and the ſtone compoſed of quartz and ſchorl is called 


granitello. See De Sauſſure's Voyages dens ſes Alpes, Note of the author. 
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feſd- par in the former is in large rhomboidal fragments, while 1 g 
i is very ſmall in the porphyry. | þ 
Serpentine gives ſparks with ſteel. Its fracture is ine, and 1 | 
rather ſcaly. It melts in the fire. . 10 
The following are the principal ſpecies of ſerpentine we have 1 | 

ſeen. | f 0 

Hecien.—1. Ophites of a deep green colour, with large white | | 1 

R 10 

2. Ophites of a deep green colour with oblong pale 5 i Ul 

green ſpots. | | | ( y 

2. Ophites ſimilar to the foregoing, buf with very ſmall, {| ol 

and ſcarcely perceptible ſpots. Many ſavage na- 110 

tions cut them into coins. They have been called | 
thunder-ſtones. | Ns | = # 

4. Ophites of a brown colour, with irregular oblong j i | 
ſpots of a roſe coloured white. ; 4 

The origin of ophites is very obſcure. It is not well known I! 


whether they are the product of water, or of fire. As they have | J 
ſome analogy with porphyry, we have PR them after that Fil 


ſtone, | | q' 


ORDER II. EArTHs AND STONES OF A MIXED NATURE 5 
FORMED BY FIRE. i. 
; } 


[ Continuation of the Volcanic Produ@ts.] - 


There is no diſpute concerning the origin of ſubſtances which | | i ; 
compoſe this order, ſince they are never found but in the neigh- 7 
bourhood of volcanos, or in places where volcanos have former- 10 
ly exiſted : beſides which, they exhibit all the characters of pro- i] 
ducts of fire. By joining the genera of this order with thoſe de- | 
ſcribed among the compound ſtones, a complete ſeries of volcanic | If 
products will be had. x 9 

We ſhall not comprehend under the name of volcanic products i 
al the ſtones or earths found in the neighbourhood of volcanos, 
which are not at all altered by fire; as is the caſe with the great- 
er part of the ſtones we have already deſcribed, eſpecially granite, 
days, &c. as well as many ſaline ſubſtances, together with cal- 
ined, melted, ſublimed, or vitrified matters. It would be an 

' uſeleſs repetition to take notice of their hiſtory in this place. 
We ſhall elſewhere take notice of their ExiLEnCe: 1 in the neigh- 
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bourhood of volcanos, and the changes produced in them by the 


Genus I. Volcanic Aſhes. 


The name of volcanic aſhes has been improperly given to cer. 
tain pulverulent earthy matters found near volcanos. They ap- 
pear to owe their origin either to the ſubſtances mixed and 
thrown out by volcanos, or to lavas altered by the contact of air 
and water. M. Bucquet conſidered them as combinations of 
clay and iron. They frequently obey the magnet. We are ac. 
quainted with two ſpecies. 15 
Secies.— 1. Rapillo; a pulverulent matter of a blackiſh grey, 

found near the craters of volcanos. 
Rapillo contains garnets and ſchorls, whoſe form 
is diſtinguiſhable, though their angles have 
been ſoftened and encruſted apparently by 
ſome matter in fuſion. 

2. Puzzolana. 'This ſubſtance is named from the town 
of Puzzoli, where it was very anciently made uſe 
of. It is an argillaceous earth, charged with iron, 
and of different colours, according to the ſtate of 
the metal. It is ſound of a grey, yellow, red, 
brown, or black colour. By fire it melts into a 
black enamel. The great utility of this ſubſtance 
conſiſts in its forming a kind of mortar, which has 
the property of becoming hard in water. M. Fau- 
jas de St. Fond has found it in Vivarais. He thinks 
that theſe earths are formed by the alteration and 
deſtruction of the porous lavas, and even of the 
baſaltes. This philoſopher, in his reſearches con- 
cerning puzzolana, has given a detail of the pro- 

ceſſes for conſtructing edifices both in the air and 
under water with this ſubſtance. 


Genus II. Lavas. 7 
This name is given to the melted and ſemi-vitrified matter of 
volcanos. They molt commonly flow down the ſides of moun- 
tains, whoſe internal parts are on fire, and form rivers of butt 
ing matter, which ſometimes flow to prodigious diſtances, to the 
deſtruction of every thing in their way. Their heat and mals 
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are ſo conſiderable, that they are ſeveral years in cooling. Du- 
ring this period, they crack and ſeparate into maſſes, which are 
ſometimes regularly formed. Such appears to have been the 
origin of baſaltes. A great variety of theſe ſtones are found in 
cabinets of natural hiſtory, They are in general compoſed of a 
paſte of a grey colour, more or leſs deep, with great varieties of 
texture and hardneſs, in which are bedded cryſtals, or irregular 
fragments of ſchorl, garnet, glaſs, zeolite, &c. conſtituting a true 
mixture. It is impoſſible to give any general character of lavas, as 
they all differ in their grain, conſiſtence, hardneſs, colour, mix- 
ture, &c. In general they are very fuſible, and afford a kind of 
black enamel, ſimilar to the glaſs of volcanos. M. Cadet has 
found them to contain clay, iron, copper, and quartz. Bergman 
thinks them to be compoſed of ſiliceous, argillaceous, and calca- 
reous earths, with iron. Many, and more eſpecially the compact 
lavas, have the property of aCting on the magnetic needle. 
Species, —I. Soft lava of various colours, with cryſtals of black 
| ſchorl. 
2. Soft lava of various colours, with cryſtals of green 
fchorl. 
3- Soft lava of various colours, with cryſtals of white 
ſchorl. 
4. Reddiſh lava, with blackiſh cryſtals, _ 

5. Yellowifh and ſaline lava. 

6. Soft Java with cryſtals of garnet. 

7. Chatoyant and porous lava. 

8. Porous, grey lava. 

9. Soft lava, blackiſh, with whicd cryſtals. 

10. Grey lava, rather compact, interſperſed with opake, 
dodecahedral cryſtals, or garnets altered by fire. 
11. Ancient lava, very compact, of a blackiſh grey, with 
ſpots of a deeper colour. | 


Genus III. Baſaltes, 


The deſcriptions given by naturaliſts of bafaltes, are very far 
from being exact. Many confound ſchorls and garnets with the 
true baſaltes, and no writer has given a good definition of the 
word, Some regard this ſubſtance as a volcanic product ; others 


have ſuppoſed them to be formed by water, We think it pro- 
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per, in conſequence of the valuable obſervations of Meſſrs, Def, 
marets and Faujas de Saint Fond, to adopt the former opinion. 
We may aſſume the following as the diſtinctive characters 
baſaltes. A regular form; a perfect opacity ; hardneſs ſuſſicient 
to give ſire with the ſteel; cinereous grey colour inclining to 
black, and a manifeſt mixture of ſchorl or ſmall vitrified frag. 
ments, uſually of a deeper colour than the OY The baſaltes 
are fuſible. 
Some ſtones of this kind are of enormous magnitude, and 
exiſt in very conſiderable maſſes, whole formation ſeems to have 
been effected in times of tlie remoteſt antiquity. Such are, 
1. The Giants Cauſeway, in the county of Antrim, in Ireland. 
2. The Rock of Pereneire, near Saint-Sandoux, in Auvergne, 
well deſcribed by M. Deſmarets, There are others regularly 
cryſtallized in ſmall priſms of three, four, or five ſides, &c. 
Their figure, magnitude, and diſpoſition is exceedingly various. 
In general, theſe ſtones are ranged ſymmetrically, one beſide 
another. Their analyſis does not appear to have been yet made 
with ſufficient accuracy to authoriſe any decided account of their 
nature. They ſeem to be nothing elſe but lavas, apparently cry. 
ſtallized in conſequence of the cracks. formed in them in every 
direction during their cooling. The ſingular varieties they of- 
fer, and their arrangement, ſeem to give much force to this 
opinion. Water ſeems to have inſinuated itſelf into theſe clifts, 
and to have there. depoſited various earths, at the ſame time 
that it has produced ſome alteration on the correſpondent ſur- 
faces of the baſaltes. This is apparently the cauſe of the yellow 
or brown cruſts which ſeem to envelope them. 


Species,—1, Baſaltes in very long polygonal priſms, without re- 
gular pyramids. | 
2. Baſaltes in ſhort priſms, truncated with three, four, 
five, or ſeven facets. 
3. Baſaltes in ſhort polygonal priſms, terminated by « 
concavity above, and a convexity below. Articu- 
lated baſaltes. 
4. Small quadrangular, triangular, &c. Baſaltes form- 
ed by the fractures of the larger, and grouped with 
them“. 


5 For the hiſtory of theſe ſtones, and of all the products of * ſee the ex- 
cellent work of NI. Taujas de Saint Fond, entitled e des JV. oleant, Paris, 


1784. 


— 
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Gxxus IV. Scoriæ of lavas; 


The melted matter which conſtitutes lavas, is a mixture of 
many heterogeneous ſubſtances, differing in denſity and weight. 
During its cooling theſe ſeparate in the order of their ſpecihc 
mmvities The ſcoriæ of lavas are bodies frequently of a ſpongy 
nature which not having ſuffered as complete a fuſion as the 
lara itſelf, riſe above it by their comparative levity. In other 
reſpects they ſeem to be of the ſame nature, except that their 
principles are leſs perfectly mixed together. Cryſtals of ſchorl 
and granite are found in them as well as in the lavas them- 

ſelves. | | 
eien. —1. Heavy volcanic ſcoriæ of a compact texture. 
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Fl 
2. Black and cellular volcanic ſcoriz. q il 
3. Black and ſpongy volcanic ſcoriæ. ; 1411 
4. Black volcanic ſcoriæ, with twiſted fibres. 48 
5. Yellow and ochraceous volcanic ſcoriz. . I 
6. Reddiſh volcanic ſcoriæ. JED | 11 


The two laſt have been manifeſtly altered by the contact of 1 fl 
air, water, and acid vapours. = | ö 
Such was the method in which the late M. Bucquet thought by 
proper to claſs earths and ſtones in 1777 and 1778. Mineralo- | 140 
gical chemiſtry has been greatly improved fince that time. The 11 
analyſis of ſtones. has been made in almoſt every chemical labo- tt 
atoryg, Meflrs. . Bayen, D'Arcet, Monnet, De Morveau, Sage, 9 
Mongez, Pelletier, in France; Scheele and Bergman, in Swe- bt i 
den; Achard, Bindheim, and Hupſch, at Berlin; Woulfe, Wi- | 
tiering, and Kirwan, in England, have examined a great num- | 
ber of ſtones and earths, and in conſequence of theſe nume- [1 | 
tous analyſes, the claſſification of theſe ſubſtances has ſuffered 144 
| great changes; and two of the above-mentioned chemiſts have | | 
thought proper to publiſh ſyſtems of mineralogy, founded on | 
; de principles of bodies. But they have purſued a very dif- [| 
ferent courſe from that of M. Bucquet, whoſe aim was to aſ- 1 
veate the external characters with the chemical properties. 
ders. Bergman and Kirwan have paid ſcarcely any regard to 
: the phyſical qualities in the claſſification of earths and ſtones. 
The nature, quantity; and proportion of their conſtituent parts i 
re determined them in their methodical diſtribution. Their 


tem, though very uſeful in the promotion of chemical knowledge, 11 
Fa [ ou + T4 


— — ER 5 


| ſand times their weight of boiling water, the number of ſpecies 


Bergman's Sciagrapbia Regni Mineralis, trauflatcd by Mongez. The Engliſh reader 


the Author, 
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cannot anſwer the purpoſe of diſtinguiſhing ſtones by their aſpect 
and ſenſible characters. It therefore appeared neceſſary to pre. 
fix to thoſe ſyſtems a natural method, as we have here done, 
with the intention, that each ſhould illuſtrate the other to the ad. 
vantage of ſuch as undertake the ſtudy of minerals, 


$ 11. The Chemical Diſtribution of Earths and Stones, according t 


Bergman. 


After ſhowing that the external characters are not ſufficient to 
diſtinguiſh minerals from each other, though they may be of 
great aſſiſtance when judiciouſſy choſen, Bergman eſtabliſhes his 
principal diviſions of claſſes and genera on the compoſition and 
internal characters of the bodies. The principle, which is either 
the moſt abundant or the moſt active, in any mineral, is made uſe 
of as a guide in its diſtribution. He divides all minerals or fol. 
fils into four clafſes, namely, ſalts, earths, bitumens, and metals, 
We ſhall only take notice of the earths in this place. 

Bergman admits of five earths, ſimple and different from each 
other; namely, ponderous earth, lime, magneſia, clay, and fil- 
ceous earth +. | 

He firſt examines each of theſe earths in a ſtate of purity, 
though they are never found ſo in nature. He remarks, that 
theie five earths combined together may afford twenty ſpectes, 
viz. ten combinations of two; fix of three; three of four; and 
one of the whole ſive. But as he ranks among the earths ſuch 
of their combinations with acids as are not ſoluble in one thou- 


is greater on this account. Beſides which, two earthy compounds 
conſiſting of like principles, may differ greatly in the proportion 
of theſe principles, and therefore have very diſtinct and different 
properties belonging to their reſpective combinations. Such arc 


3 * ä — 


— 


* The author in a note obſerves, that h- has made uſe of the French edition of 


——— 


may recur to a tranſlation of this excellent ſmall work, publiſhed in London by 8 
Dr. W. Withering. T. , Gly to 

+ Among theſe five earths, three have evident ſaline properties; namely, the Þ then: 
ponderous earth, lime, and magneſia; and for that reaion we ſhall give their hi lilory 
ſtory in the ſecond part of our work, Bergman, whoſe intention was to divide + Th 
ſtones according to their principles, was neceſſitated to rank them among 1 1 
becauſe they are often united with each other. Many ſubſtances which this ill. Te 
trious chemiſt has reckoned among the carths, are ſalts in our method. Not- bo tv our cl 
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the grounds of diſtinction of the ſpecies ad mitted by Bergman, 
and by his commentator M. YAbbe Mongez, who has made 
urge additions to the labours of the Swediſh chemiſt. Here 
follows the ſpecies of each primitive earth according to this me- 


mod. 


Th ut ae es ” 


Penderous Earth *. 


Species I; Pure ponderous earth; it does not exiſt in nature, 1 
and is obtained by the decompoſition of the ponderous 
ue 


ſpar, as we ſhall ſee hereafter: 1 
Species II. Aerated panderous earth, or the combination of the | 144 
ponderous earth with the aerial acid. It has not hi- 0 
therto been found in nature: Bergman thinks it may If | [ 
be met with diflolved in water +. | Il! 
Species III. Vitriolated ponderous earth; ponderous ſpar z or i | ' 
the combination of the vitriolic acid with ponderous | 
earth. 'This ſubſtance is abundantly found in mines. 
The Bolonian ftone is a variety of this. 
Species W. Vitriolated ponderous earth, penetrated with petro- 
leum, mixed with ſelenite, alum and filiceous earth; 
hepatic ſtone of Cronſtedt. This ſubſtance is ſpathoſe 
and brilliant; yellow, brown, or black; its odour is 141 
very ſtrong, and it does not efferveſce with acids. A | 
+ centenary of this natural compound contains, accord- 
ing to the analyſis of Bergman, 33 parts of ſiliceous . 
earth, 29 of pure ponderous earth, and 5 of clay, be- | 1 
ſides lime, water, and vitriolic acid 3. ni | 
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| Lime. 5 ; ; a 

Species I. Pure lime, or quicklime. Bergman did not know 
of its exiſtence in nature. 

Species II. Aerated lime: Chalk, or calcareous * The — | 

combination of lime with the aerial acid. It is rarely : | ql | 


pure. It often contains the marine ſalt of magnefia, | ö 
| — — 54 
in this detail we follow i PAs given by Bergman : It will be 1 
Ky to refer the ancient names, whether of the carthy baſes or the acids united 1611 
to them, to the new and methodical denominations given to thoſe bodies in the "A 
hiſtory of ſaline matters in the body of the work. Note of the author. 0 
The aerated ponderous- carth was found in England fince the death of Berg- I 
man | 141 
. i 
# Theſe laſt ſubſtances, claſſed by Bergman among the earths, belong, according [ ji 


v our chemical diviſion, to ſaline ſubſtances, 
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— 
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calcareous marine ſalt, clay, filiceous earth or iron, 


Within, or at the ſurface of the earth, it conſtitute; 


lac lunz, ſtony icicles, calcareous ſtones, marbles, cal. 


careous ſpars, concretions, or ſtalactites, &c. 


Species II. Acrated lime impregnated with bitumen or petro- 


leum; ſwine-ſtone. . It is found in France at Villers 
Cotterets, at Plombieres, at Ingrande in Anjou, at 


Rattwyk in Dalecarlia, at Kineculle in Weſtrogothland, 


at Kraſnaſelo in Ingermania, in Portugal, in Sweden, 
&c. It emits a fetid ſmell, when it is rubbed or heat. 
ed; ſometimes the odour reſembles that of the urine 
of cats; and for this reaſon it has been called /apic f 
linus by ſome authors. With acids it efferveſces in the 
fire it decrepitates, and loſes its odour and colour, 
When diſtilled in large quantities, it affords, 1. A fe- 
tid liquor, which reddens ſyrup of violets, and effer. 
veſces with acids. 2. A black itrong ſmelling oil, re. 
ſembling that of pit-coal. 3. Concrete volatile alkali 
The reſidue contains a little marine ſalt. This ſub 
ſtance owes its diſtinguiſhing properties to the bitumen 
it contains. | | 


Species IV. Fluorated lime. Fluor mineral, or vitreous ſpar, 


combination of lime, with the ſparry or fluor acid min- 
ed with clay, ſiliccous earth, or a ſmall quantity of 
marine acid. 


Species V. Lime ſaturated with a peculiar acid, probably me- 


tallic . Heavy ſtone, tungſten of the Swedes. This 
is the heavieſt of all ſtones. It is found in ſmall je. 
low or red grains, in the mines of Baſtnas, near Ni. 
terhutte in Weſtmanland ; and alſo of a ſpathoſe, bnl- 
liant, and whitiſh appearance at Marienburgh, and at 
Altenburg in Saxony. It is often compounded with 
the white tin ore. It reſiſts the fire, and only vitr- 
fies at the ſurface. Tt is not ſoluble in boiling water, 
The vitriolic acid ſeizes the lime. The nitrous acid, 
being added to a ſolution of this ſtone in volatile ab 
kali, precipitates a white powder, which is the peci- 


— 


Since found to be ſo. See S:beele's Eſſays, and De Luyarts en Wolfram, both 
tranſlated into Engliſh, and publiſhed in London, T. 
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liar acid diſcovered by Scheele“. The tungſten may | 
be diſtinguiſhed from every other ſtone by pouring the [ 
nitrous or marine acid upon it in powder, which laſt be- 


PPP cc et ES A AE ES Rn IS 
_ we OA —— 2 by 2 — — 


comes of a beautiful yellow on being ſlightly heated. ( | 
(See the Fournal de Phyſique, 1783, Vol. XXII.) 
Species VI. Aerated lime contaminated + with a fmall quantity Il . 
of muriatic magneſia, or marine falt of magneſia. | i | 
Species VII. Aerated lime contaminated with clay. Falſe marl. al} 
Species VIII. Aerated lime, contaminated with filiceous earth. Id 
Some calcareous ſtones uſed by maſons, and certain it 1 
marbles, are obſerved to give fire with the ſteel, by "th! 
reaſon of the fragments of filex or quartz they contain. { | | 
Species IN, Aerated lime, contaminated with argillaceous and WH 
filiceous earths. . Perfect marl. it! | 
Species X. Aerated lime, contaminated with iron . mag- ! 10 
neſia; falſe white iron ore; pulverulent and black, or 4 


hard and red, or whitiſh, The mines of Hallefors af- 
ford theſe varieties. 


Mag neſia. | 1 | 

| | Will 

Species I. Pure magneſia; always produced by art. 1 1 
Species II. Aerated magneſia; found diſſolved in waters im- 5 ö 
pregnated with aerial acid. 1 | 

Species III. Aerated magneſia, mixed with filiccous earth. Te [ | 
is ſcintillant and efferveſcent. ; | 1 

Species TV. Magneſia intimately combined with ſiliceous earth 7” 14 ; 
and clay; ſteatites, Briangon chalk, ſoap ſtone, lapis C11 

1 


ollaris, ſerpentine, lapis nephriticus. 

Species V. Magneſia united to a conſiderable portion of ſilice- 
ous earth with a ſmaller quantity of calcareous and 
argillaceous carths, and contaminated by calx of iron. 
Aſbeſtos; mountain cork; mountain leather; amian- 
thus. Bergman found in a centenary of amianthus, 
64 parts of filiceous earth, 18.6 of magneſia, 6.9 of 


ä 


= 


De Luyarts have ſhown that this is a triple ſalt, conſiſting of wolfram- calx, 
voatile alkali, and nitrous acid. It is ſoluble in water, and has acid properties. 
Ihe pure calx, though not evidently ſoluble in water, reſembles acids in its affi- 
IMs with alkali and lime, and its inſolubility in acids. T. 

f The word contaminated (/ngrinatus) is uſed by Bergman to denote a ſimple mix- 
tore of two or more earths, without a true combination. We have therefore ſuir- 

ed occaſionally the word mixed in its place. Note of the Author. 
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lime, 6 of vitriolated ponderous carth, 3.3 of clay, and 
1.2 of calx of iron: and the fame quantity of aſbeſto; 
afforded 67 parts ſilex, 16.8 of magneſia, 6 of clay, 
j 

L 6 of lime, and 4.2 of calx of iron. 

| Species VI. Magneſia mixed with argillaceous and filiceous 
| | earths and pyrites ; a ſpecies of alum ore deſcribed 


and analyſed by M. Monnet (N. de Mineralogie, Genre 


= i. 


n . 


g. pag. 161.) 
Species VII. Magneſia mixed with argillaceous and ſiliceous 
0 earths, together with petroleum and pyrites; magne. 


fan aluminous ichiitus. 


Clay. 


i Species Pure clay; it is precipitated from alum by the aerat- 
| ed volatile alkali. 
Species II. Clay mixed with filiceous earth. Porcelain cl, 
Kaolin of the Chineſe. Solid clay of Saint-Iricz in " 
mouſin, of Japan, and of Saxony. Pulverulent clay of 
Weſtmanland, of Boſerup, and of China. Theſe earths . 


are often mixed with mica. The clays uſed in the * 
more ordinary kinds of pottery are coarſer, but of the 4 
ſame nature. : ſo 
Species III. Clay mixed with ſiliceous earth and iron. Dole, 8 
or bolar earths, grey, yellow, red, brown, or black. Spe 
They are waſhed, in order to make the ſealed carths, 
The common clays of a green, blue, and red colour, 
are of this ſpecies. - 
Species IV. Clay mixed with filiceous and calcareous earth, 
Argillaccous marl; tobacco-pipe clay; agaric mineral 
or foſſil. 
Species V. Clay mixed with filiceous and magneſian earth. 
Lemnzan earth; fuller's earth; ſoap rock; ſmectites, 
Bergman has obtained from the Lemnian earth, the 
Hampſhire clay, and the fuller's earth of England, i 
large portion of ſiliceous earth, about 1-5th of clay and Ori 
acrated lime, and 1-20th of acrated magneſia and ca Ori 
of iron. He gives the generic name of lithomarga i dax 
| theſe earths. Ori 
gpecies VI. Clay contaminated with ſu/phur and vegetable 2. Ori 
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kali. Alum ore of Tolfa and Solfatara. Bergman | | 

© conſiders it as a volcanic product | | 
species VII. Clay mixed with filiceous earth, pyrites, and pe- 
troleum. Aluminous ſchiſtus. It is found in Italy, in 

the province of Liege, in Sweden, and in Jemtland. | ' 

The black crayons, ſuch as thoſe from Bechel near | 

Seez in Normandy, and the ampelites, are of this ſpe- | ' 

cies. The tripolis are an aluminous ſchiſtus more or 

leſs burnt, Such are thoſe of Poligne in nen 1 | 

and of Menat in Auvergne. 115 
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M. Mongez reckons in this ſpecies the ſchiſti, which contain Wit! 1 
gay in a large proportion, and more or leſs of filiceous earth and 1 
bitumen. The greater number are mixed with calcarsous carth, | 4 

and efferveſce with acids. The proportions of theie principles | 114 
vary greatly in the different ſchiſti. There are ſome of ſo bitu- 1 j 1 
minous a nature, that they burn with a flame; others are loaded 4 
with pyrites, and efferveſce in the air; and others are very hard, 
and give fire with the ſteel. M. Mongez admits five varieties. | 
1. The hard argillaceous ſchiſtus, or writing flate. 2. The ſoft = Wil 
arzillaceous ſchiſtus, or roof ſlate. 3. The joft filiceous ſchiitus, 1 
or poliſhing ſtone for metals. 4. The hard ſiliceous ſchiſtus, or 
ſtone for ſetting razors. 5. The hard calcareous ſchiſtus, which 


— 
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makes a bad lime; as that of Allevard in Dauphiny. | | | 
Species VIII. Clay combined with leſs than half its weight of [| 
ſiliceous earth, a ſmall portion of aerated lime and calx wt 

of iron ; cryſtal gems. The happy reſearches of Berg- e 


man into the nature of gems, whole exceſſive hardneſs 
and immutability ſeem to defend them from the ope- 
rations neceſſary to their chemical analyſis, have been 
confirmed by the labours of Margraaf, Gerhard, and 
Achard. Here follow the reſults of Bergman's analy- 
ſis of five Cryſtal gems, which are varietics of the ſpe- 


cies we are now attending to: | ; | 
1 ; Clay. Silex. Lime. Tron. | | 
Oriental emerald contains 6 2 3 6 1 [| 
Oriental ſapphire „ 5 5 2 f 
Saxon topaz - - © Þq 8 6 | 
Oriental byacinth - - 40. 2 8 lj 
Oriental ruby « - 49 19-9. ( | 


Dj 
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The methods which this celebrated chemiſt has put in prac- 
tice, in order to obtain a knowledge of the component Principles 


of theſe ſtones, are very ingenious, and at the ſame time very 


ſimple. (See Bergman s Eſſays, in Engliſh, London, 1784.) 

Species IX. Clay combined with filiceous earth, compoſing 
more than half of the total weight, with a very ſmall 
quantity of aerated lime and iron, garnet; ſchor!; 
tourmalin. The proportion of iron varies in theſe 
ſtones. (See the Analyfes of the Tourmalin of Tyrol, by 
M. Muller; Fournal de Phyſique, Vol. XV. p. 182, 
ann. 1780.) 

Species X. Clay ſlightly united with ſiliceous earth, compoſing 
the half of the weight, and ſometimes more, together 


with a ſmall proportion of lime; zeolite. M. Mongez 


conſiders the azure itone, lapis lazuli, as a zeolite, M. 
Margraaf has found a ſmall quantity of gypſum ready 
formed in the lapis lazuli. 


Species XI. Clay united to much filiceous earth, and a little 


magneſia; tale; mica. The proportion of the princi- 
ples: which compoſe this ſtone have not been exactly 
aſcertained. | 


SE aus Earth. 


Species I. Pure ſiliceous earth. It is prepared by fuſing clear 
quariz with four parts of fixed alkali, . the 
whole in diſtilled water, and precipitating the earth 

by an acid. This earth is to be well waſhed and dried. 

Species II. Siliceous earth united to a very ſmall proportion of 
calcareous and argillaceous earth. Rock cryital, with 
its varieties; quartz and its varieties; grit ſtone and 
its varieties. 

Species III. Siliceous earth united with argillaceous earth. Chal- 
cedony hydrophanes, or oculus mundi; this contains 
more clay than filiceous earth, according to M. Ger- 
hard of Berlin. Opal; M. Mongez confiders, as vi- 
rieties of this ſtone, the cat's eye, the fiſh's eye, and 
the giraſol : 'To theſe three ſorts of ſtones he adds the 
agate, and its varieties; the cacholong, the cornelian, 
the ſardonyx, the gun-flint, the jade. Their analyſis 55 
not yet been made with much exactnels, 
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dpecies IV. Siliceous earth united to a very martial clay; jaſ- 
per. M. Mongez reckons the ſinople as a "OY of 
jaſper. 

Species V. Siliceous earth rendered heavy by ala ch; 
Falſe jaſper. M. Mongez calls this ſtone metallic 
quartz. He diſtinguiſhes it into the black - coloured by 
iron, and the red- coloured by copper. 

| Species VI. Siliceous earth united to argillaceous earth, and a 
ſmall portion - of lime; petroſilex. This ſtone ſome- 
times gives fparks with the ſteel, and efferveſces with 

acids; it melts in a ſtrong fire. 

species VII. Siliceous earth united to clay, and a ſmall portion 
of magneſia; feld-ſpar. It changes colour in the fire, 
and melts. It does not become decompoſed by air; z It 
gives ſparks with the ſteel, and breaks eaſily. 

Species VIII. Siliceous earth united to magneſia, aerated and 

fluorated lime, with the calces of iron and of copper. 

Praſe, chryſopraſe. It is from the analyſis of M. A- 

chard, that Bergman deſcribes the compoſition of this 

ſtone, 


I. APPENDIX. 


Bergman, in his firſt appendix, treats of minerals united, or 
mechanically mixed with each other, in ſuch a manner, as that 
the parts may be diſtinguiſhed by the eye. We ſhall here men- 
tion only the mixtures of earths. Such are the ſtones called 
rocks, ſaxa. M. Mongez, who has added much to the labours 
of Bergman on this ſubject, diſtinguiſhes theſe ſtones or rocks 
into two genera. 1. Such as have not their parts united by 
means of any cement, but adhering ſimply by juxtapoſition, be- 
ing formed by various fragments agglutinated together. He di- 
linguiſhes them into thes ſpecies; granite, gneis of Saxony, and 
horn-ſtone, 2. The mixed ſtones, whoſe parts are encruſted in 
a common cement; as is the caſe in four kinds; namely, porphy- 
ry, ophites or ſerpentine, breccias and pudding-ſtone. We ſhall, 
in this place, exhibit the varieties of theſe {tones admitted by this 
naturaliſt, N 


I. CnAxTT E. It is formed of quartz, feld-ſpar, mica, ſchorl, 
and ſteatites, mixed in different proportions, two and two, three 
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I} and three, or four and four; the > quartz always a the 
| | | baſe. | 

y | Variety I. Granite of two ſubſtances; granitin. 

1 A, Quartz and feld-ſpar. 

B. Quartz and ſchorl. 

= C. Quartz and mica. 

| 1 | D. Quartz and ſteatites 

1 Variety II. Granite of three ſubſtances. 

| | A. Quartz, feld-ſpar, and mica. It is the moſt commoy, 
| the moſt abundant, and the gnoſt varied of any. 


B. Quartz, mica, and ſchorl. 
C. Quartz, ſchorl, and ſteatites. 


Variety III. Granite of four ſubſtances. 


| | A. Quartz, feld-ſpar, ſchorl, and mica. 
| | | B. Quartz, feld-ſpar, ſchorl, and ſteatites. 


II. Gners. Gneis is a mixture of quartz in grains, and mic 
in greater or leſs abundance, with much clay, or ſteatites, which 
conſtitutes the baſe. This ſtone is foliated like ſchiſtus. It is ſub- 
ject to alteration and decompoſition in the air, in conſequence of 
the humidity which the clay abſorbs. 'The Alps in Dauphiny 


contain many varieties of gneis. 


parts, among which brilliant ſpecks of mica may be diftinguiſh- 
ed. It has an earthy aſpect; and, when moiſtened, has an ar- 
gillaceous ſmell. In the fire it hardens like clays; and melts in- 
5 to a blackiſh ſcoria, or black glaſs, if the heat be intenſe. Its co- 
lours are various. M. Mongez conſiders the trap of the Swedes 
as a variety of the horn-ſtone. 
| | IV. Poryenysy ſeems to conſiſt of a hard and fine paſte, of the 
[ i nature of red jaſper, which envelopes grains, either cryſtalline or 
| irregularly ſhaped, of quartz, of white or reddiſh feld-ſpar, and 
ſometimes green or black ſchorl. 

V. OeniTEs. The ophites, or hard ſerpentine, is a ſpecies of 
porphyry, whoſe cement is green, and the ſpots of a greeniſt 
white. Theſe are uſually longiſh in the ophites, while they are 
ſquare or rhomboidal in the porphyry. The thunder- ſtone 18 2 
variety of this ſpecies. 


| i III. HoxN-sTroYE. This ſtone is compoſed of very minute 
| 
| 
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VI. BREGCTAS (from the Italian word denoting fragment). 
This is a mixed ſtone, of an origin greatly poſterior to the pre- 
ceding. It is formed by the deſtruction of the primitive moun- 
tains, and by irregular and worn pieces of ſilex, & c. united by 
one common cement. M. Mon agez confounds the pudding- 
ſtones with the breccias. He gives a compound name to the lat- 
ter, which indicates the nature of their fragments, and the ce- 
ment which unites them. He diſtinguiſhes erght varieties. 'The 
calcareous breccia, winch is the breccia properly fo called, and 
the lumachello; the filiceo- ſiliceous breccia, or the pudding- 
ſtone ; the breccia with a calcarcous cement, and fragments of 
the ara and ſiliceous genus; the breccia with filiceous ce- 
ment, and fragments of the calcareous and ſiliceous genus; the 
arenario- ſiliceous breccia, ſuch as the griſon of Chartres; the 
breccia with cement and fragments of jaſper; the breccia with 
cement and fragments of porphyry; and the yolcanic breccia. 


Mm A 
Volcanic Prod s. 


M. Mongez divides the volcanic products, aſter Bergman, into 
ſuch as have been formed by fire, and ſuch as owe their origin to 
water. The latter are nothing more than ſuch earthy ſubſtances 
a5 have been diſſolved and ſuſpended in water, and afterwards 
depoſited in the neighbourhood, and among the products of vol- 
canos; ſuch are the calcareous and filiceous encruſtations, as well 
as the zeolites frequently found in volcanic productions. 

M. Mongez divides the true volcanic products into three or- 
ders. 1. Earthy ſubſtances very little changed by the fire; as 


calcareous matters, clays, garnets, hyacinths, ſchorls, and mica. 


2, Larthy ſubſtances calcined and burned; as the volcanic aſhes, 


er the rapillo and puzzolana, the tufa, the peperino of the Ita- 
lians, the pumice ſtone, and the white earth which covers the 
ſolfatara. 3. Earthy ſubſtances melted, or lavas, of which he 
admits ſeveral ſpecies; ſpongy, compact, and ſtalactitical lavas, 
and volcanic glaſs. To theſe diviſions he adds the earthy volca- 
nie products of uncertain origin. In this order he particularly 
ranks the garnets, the ls ſchorl, and ef; pecially the baſaltes, 


——_ 


According to this nomenclature, the ſirſt word expreſſcs the nature of its ceꝝ 
tent, and the ſecond that of its fr agments. Note of the Author, 
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which he thinks are maſſes of trap ſoftened by the humid Va. 
pours of volcanos, and afterwards ſlowly dried when the vapourg 


have ceaſed. 


$3: Claſſification of Earths and Stones by Mr. Kirwan, 


Mr. Kirwan, a celebrated chemiſt of Dublin, publiſhed, in 
1795, a ſecond edition of his Elements of Mineralogy. In this 
edition, which is greatly enlarged and improved, Mr. Kirwan hy 
adopted the method of the Wernerian ſchool, and has given 2 
claſhfication of minerals founded on the union of their external 
with their internal characters. 

The external charac >rs he enumerates are colour, ha 
luſtre, tranſparency, texture, coheſion, denfity, adheſion to the 
tongue and fingers, and general feel, colour of a ſtreak, abſorp- 
tion or diffuſion in water, ſmell, and taſte. 

The internal characters are, relation to acids, changes ope- 
rated in low heats, fuſibility, and other changes in higher de- 
grees of heat, phoſphoreſcence, magnetiſm, electricity, and laſt. 
ly, the reſults of a juſt analyſis. The earths and ſtones are rank. 
ed in his firſt part. After having given as the characters of 


theſe ſubſtances, inſipidity, dryneſs, brittleneſs, incombultibility, | 


and inſolubility in leſs than one thouſand times their weight of 
water, he admits nine genera of ſimple earths ; the calcareous; 
the barytic ; the magneſian, or muriatic; the argillaceous; the 
ſiliceous; the Scottiſh, or Stronthian; the jargonic; the Syd- 
neian, and adamantine. Under theſe genera he places all th. 
known carths and ſtones, 


CALCAREOUS GENUS. 


UNDER THIS HEAD IS COMPREHEN DED ALL THOSE EARTHS AND 
STONES, APPARENTLY HOMOGENEOUS, IN WHICH CALCAREOUs 
EARTH PREDOMINATES. 


SPECIES I. Native Lime. 


SPECIES II. Carbonate de Chaux, 
Combined With fixed air, aerated or mild calx. 
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CLAss I. Mild calx in d looſe or ſemi-indurated form. | 
Family 1. | Agaric mineral, bergmilch or bergmehl of the Ger- 
| mans. 
Family IT. Chalk. | | 
Family III. Arenaceous limeſtone. Ganil. 
Family IV. Teſtaceous tufa, 


CLAss II. Indurated. 


Family J. Compact limeſtone. 

Family II. Foliated and granular. 

Family III. Foliated and ſparry. Spars. 

Family I. Striated or fibrous. Stalactite, alabaſter, bande 
Family J. Swine ſtone. 

Family VII. Oviform. Erleſenſtein. 


SPECIES III. Baryto-Calcite. 


Mild calcareous earth, mixed with a notable proportion of other earths 
iron, or manganeſe, Mixed with barytes or bargſelenite. 


SPECIES IV. Muricalcite. 
Mixed with magneſia. 
Family J. In an earthy form. 
Family II. In a ſtony form, and amorphous. 


Family ITT, Cryſtallized. Compound ſpar. Bitter ſpar of the 


Germans. 


SPECIES V. Argillo-calcites. 
Mixed with a notable proportion of argill or clay. 


CLass I. Marls, or Calcareous Marls, readily diſintegrable 
by expoſure to the atmoſphere. 


banily L In an earthy or ſemi- indurated form. Mergelerde of 
Werner. 
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Family II. In a ſtony or indurated ſtate. Verharteter mergy 
of Werner. 


Argillaceous. 
e 12 Siliciferous marls. 


CLass II. Marlites, not readily di 75 ntegrable by expoſure i, 
the atmoſphere. 


n J. In which, next after the calcareous ingredient, the 
argillaceous predominates. Argilliferous marlites. 


Family II. In which, next to calx, ſilex predominates. Siliciſe. 


rous marlites. 


Of this there are many varieties; ſeveral of which 
give fire with ſteel, at the ſame time that they ef. 
ferveſce with acids. 


CL Ass III. Argillocalcites, PEEP with bitumen, ſul. 
Pphur, or pyrites. 


Family I. Bituminous marlite. Bituminoſer mergel ſchiefer of 
Werner. 


Family II. Pyritaceous limeſtone, 


SPECIES VI. Argentine, 
Schiefer ſpath of Werner. 


SPECIES VII. Sidero Calcite. 
Braun ſpath of Werner, Spath perlé of Rome de Liſle, 


Combined with manganeſe and iron. 


SPECIES VIII. Ferricalcites. 
Mixed with a netable proportion of iron. 


SPECIES IX. Dolomite. 
Superſaturated with fixed air, and fr.quen!'y fhofpboreſeent, 
Family I. Common dolomite. Dolomie of Sauſſure, 
Family II. Elaſtic marble. 
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SPECIES X. Gypſum. Selenite. 
Combined with the vitriolic acid. 
Family J. Farinaceous gypſum 


Family II. Compact gypſum. Dichter gypſtein of Werner. 
1 Alabaſter. 


Family III. Fibrous, or ſtriated. 


Family IV. Foliated. 


7. Granularly foliated. Blattriger gypſtein of Werner. 
Varicties, % 2. Broad foliated, Specular gypſum. Fraueneis of Werner, 
Glacies Mariz. | 


SPECIES XI. Fl wor 
Flus of Werner. 


Combined with the ſparry FE, 
Family J. In a ſandy or earthy form. 
Family II. Compact. | 
Fanily III. Foliated, or ſparry. Fluor ſpar. 


SPECIES XII. Phoſpholite. 
Combined with the phoſphoric acid. 


Family I. Phoſphorite. Apatite of Werner. 


' SPECIES XIII. Tungſten. | 
Combined with the tung flenic acid. 


r. Grey tungſten. Scheelium of Werner, white zin-grau 
Varieties. of many. 3 ys OY 
2. Brown tungſten, Goſſan of the Corniſh miners, 


BARYTIC GENUS. 


SPECIES I. | Barolite, or aerated barytest 
Witherite of Werner, 
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SPECIES II. Baroſelenite. 

Barytes combined with the witriolic acid. 
Family I. In an earthy looſe form. . 
Family II. Compact baroſelenite. Dichter ſchwer ſpath of 

Werner. | | 

Family III. Foliated. 
Family IV. Striated, or fibrous. 
Family V. Acicular. Stangen ſpath of Werner: 


SPECIES III. Liverſtone. 
Lapis hepaticus, leberſtein. 


MURIATIC GENUS. 


ONDER THIS HEAD MR. KIRWAN- INCLUDES NOT ONLY THOSE 


EARTHS AND STONES IN WHICH MAGNESIA PREDOMINATES, 
BUT ALSO THOSE IN WHICH THE SILICEOUS EARTH FRE DOMI- 
NATES, IF MAGNESIA BE, NEXT AFTER THIS, THE MOST C0- 
PIQUS INGREDIENT, AND THE COMPOUND POSSESSES THE cha- 
RACTERS OF THE MURIATIC, AND NOT THOSE OF THE sILI- 
CEOUS GENUS. | 


SPECIES I. Silicimurite. 
Magneha mixed with filex. 
Family J. Keffekill. Myrſen. Meerſchaum of Wernez. 
Family II. Martial muriatic ſpar. 


SPECIES II. Calcimurite. 


Magngſia mixed with a notable proportion of calcareous earth and 
| | ſome iron. | 


SPECIES III. Argillo-Murite. 
Mild magneſia mixed with clay and irons 
| _ 
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- SPECIES IV. Chlorite: 
Samt erde. Peach of the Corniſh miners. - 
Family J. In a looſe form. 
Family II. Indurated and cryſtallized: 
Famiy III. Slaty. Ale 


SPECIES V. Talc. | 
Family J. In a looſe or ſemi-indurated form. Talcite: 
Family II. Talc. Or common talc. Venetian talc. 
Fanily III. Schiſtoſe talc. Schiefriges talc. | 


| SPECIES VI. Steatites. 
Family J. Semi-indurated. Craie de Briangon. Specſtein of 
WMerner. | 
Family II. Indurated ſteatites. Lardites of Wallerius. Schmeer- 
ſtein of Succow. | RR 
Family Ul, Follated, or ſtriated. Talcites of Wallerius. 


* SPECIES VII. Por-Stone: 
Lapis ollaris. Verharteter talc, or topfſtein of Werner. 


SPECIES VIII. Serpentine, 


SPECIES IX. Albeſtos. 
Aſbeſte non mur of the French. 


SPECIES X. Ligniform Aſbeſtos. 
SPECIES XI. Amianthus. 
- SPECIES XII. Suber Montanuni, 


Corium montanums | 
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SPECIES XII. Amianthinite. 
Albeſtartiger ſtrahlſtein of Werner, in part. 


1 5 SPECIES XIV. Aſbeſtinite. 
| Gemeiner ſtrahlſtein of Werner. 


[| +" SPECIES XV. Abeſtoid. 
' Of this I diſtinguiſh two families. 


| | Family 7. Common aſbeſtoid. Gemeiner ſtrahlſtein of Werner, 


[ Family I. Metalliform aſbeſtoid. Aſßbeſtartiger frablfci of 
{| Werner, in part. 


| SPECIES XVI. Lamellar Actynolite. 
| | Aſbeſtartiger ſtrahlſtein of Werner. 


SPECIES XVII. Schorlaceous AQynolite, 
Gemeiner ſtrahlſtein of Werner, in part. 


SPECIES XVIII. Glaſſy Actynolyte. 
Glaſſartiger ſtrachlſtein of 8 


SPECIES XIX. Jade. 
Nephrit of Werner. Bitterſtein of Hoepfner, and others. 


SPECIES XX. Boracite. 
Combined with the boraccic acid, and boracited calx. 


SPECIES XXI. Baikalite. 


ARGILLACEOUS GENUS. 


Cass I. Argillaceous Earths, Theſe are for the moſt por! Gar 
diffufuble in water, and do not immediately ſink it Fan 


' MINERALOGY. 38329 


it as ſands do, or if ſo compact as inimediately to 

ink, they ſoften, crumble, or moulder azuay in it, 
ſome ſooner, ſome later, either to a ductile viſcid 
Prlp, or to a. powder. 


TRIBE I. Native Argill. 


| Lac junæ of ſome. Reinethon erde of Tine, | 
TRIBE II. Porcelain Clay. Kaolin 


TRIBE III. Common Clays, 
In various ſtates of induration. 
Fanily J. Potters clay. | | 
Family UL. Indurated clay. Verharteter chon of Werner. 


Family III. Schiſtoſe clay. 
| I. Slate clay, Shale. Schiefer thon of Werner. 


Varieties. 2. Bituminous ſhale. Brandſhiefer of Werner. 


Family IT. Fullers earth. Walkererde of the Germans, Smectis. 


| TRIBE IV. 
The finer clays in various ſtates of induration. 
Femily I. Lithomarga. Steinmarck of the Germans. 
Theſe earths are principally diſtinguiſhed by their 
great fineneſs, and fuſibility into a frothy flag. 


1. The friable or crumbling kind. 


Varieties, 12 Indurated lithomarga. 


Family Il. Bole. 


TRIBE IV. Argillaceous Marls. 


TRIBE V. Colorific Earths, | 
Or thoſe which ſtrongly ſtain the fingers. 


Fanily J. Red. Reddle. Rubrica fabrilis. 


Family IT, Yellow. Gelbe erde. 
K ij 
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Family III. Black. Black chalk. Schwartze Kreide, Zeichen 


Schiefer. Pierre noir of Briſſon. 
Family IV. Green earth. 
Umbe Ys 


TRIBE VI. Harſh and Rough Earths. 
Of theſe are two families; tripoli, and puzzolana, or terras, 
Family J. Tripoli. | 
Family IT. Puzzolana, or terras. 


Of this I ſhall treat -under the head of Volcanic 
Products. 


Struvian Clay. 


Ciass II. Stony ſubNances of the Argillaceous Genus nt 


mouldering in water. 


SPECIES I. 
Argill combined with vitriolic acid or ſulfpurs 


This forms ores of alum. 


SPECIES II. Phoſphorite, 
Argill combined with the phoſphoric acid. 


SPECIES III. Lepidolite. 
Lilalite of ſome. 


SPECIES IV. Sappare. 
Cyanite of Werner. 


SPECIES V. Mica, Muſcovy Talc, 


Glimmer of the Germans. 


SPECIES VI. Micarelle, 
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- SPECIES VII: Hornblende. 


325 


Pierre de corne of the French. Schorl en maſſe, and ſchorl 


ſpathique of Briſſon. 


SPECIES VIII. Baſaltine. 


Baſaltic hornblende, or Cryſtallized hornblende, of Werner. 
Schorl ſpath of Ferber. Schorl priſmatique hexagone ot 


Sauſſure. 


SPECIES IX. Reſplendent Hornblende. 
Of this there are two varieties. 


3 Babes hornblende. 
Varicties. x 8 ſpar. 


SPECIES X. Schiſtoſe Hornblende. 
Hornblende ſlate. Hornblende ſchiefer of Werner. 
| de corne feuilletees. 1 Sauſſ. 5 166. p. 119. 
SPECIES XI, Wacken. 
SPECIES XII. Mullen Stone. 


SPECIES. XIII. Kragg Stone. 


SPECIES XIV. Trap. 


7 


Roche 


Family J. Amorpibus. Common trap. Baſalt of Werner. 


Family ZE Figurate trap, Baſalt. Baſalt of Werner. 


SPECIES XV. Calp, 
Or black quarry ſtone of Dublin, 


SPECIES XVI. Argillite, 


Or argillaceous {chiſtus or late. Thon ſchiefer of mn 


X uy 


14 
{| 
1 
f 
5 
1 


! 
l 
: 
j 
: 


326 MINERALOGY, 


SPECIES XVII. Novaculite, | 
Turkey hone. Schiſtus coticularis of Wallerius. Pierre raſofr. 
Wetzſtein of Werner. : 


SILICEOUS GENUS. 


| SPECIES I. Mountain Cryſtal and Quartz. 
Fl Theſe form two families, the only difference being in their 
| fracture and tranſparency. | | 


1 Family I. Mountain or rock cryſtal. 
|| Family II. Quartz. 


SPECIES II. Amethyft. 


8 2 
r 
2 EE iS 0 1 


| [ - SPECIES III. Emerald. 


SPECIES IV. Beryl. 


[3 Aigue marine of many, 
[ | | 
i SPECIES v. Prafium. 
[| -- SPECIES VL 
i Family J. Oriental ruby. 
; [ Family II. Oriental topaz. 
Family III. Oriental ſapphire. 
14 
4 . 
| 
J | SPECIES VII. Spinell and Balaſs Rubies. 
| # SPECIES VIII. 
1 Family J. Occidental or Brazilian ruby. 
| | Family II. Occidental topaz. 
| [ 1. Brazilian. 
| Varicties. I 2. Saxon. 
| 3- Topaz. 
| | Family ITT. Occidental or Brazilian ſapphire, #4 


— 
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SPECIES IX. Hyacinth. 


SPECIES X. Garnet. 


1. Oriental garnet. Carbuncke. 
Varieties. 4 2. Common garnet. 
- Amorphous garnet. 


SPECIES XI. Chryſoberyl. 


SPECIES XII. Chryſolite. 
SPECIES XIII. Olivin. 
SPECIES XIV. Obſidian. 


SPECIES XV. Schorl. 
Schwartzer ſtangen ſchorl of Werner. 


SPECIES XVI. Tourmaline, 


SPECIES XVII. Thumerſtone. 
Schorl violet de Dauphine. Glaſs ſchorl of ſome. 


_ SPECIES XVIII. Prehnite. 


SPECIES XIX. Adelite, 
Or ſiliceous zeolite. 


SPECIES XX. Zeolite. 


SPECIES XXI. Staurolite, 


Or croſs ſtone of St. Andreaſberg, in the Hartz. Kreutz cryſtal 
of the Germans. Hyacinth blanche of 2 Rome, p. 299. 


SPECIES XXII. Lapis Lazuli. 
Xin 
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SPECIES XXII. Chryſoprafium, 


 SPECTES XXIV. veſuvian, 
Or white garnet of Veſuvius. Leucit. Werner, 


SPECIES XXV. Schorlite, 
Schorlartiger beryl of Werner. Stangenſtein of Leſte. 


- SPECIES XXVI. Rubellite, 
Red ſchorl of Siberia, | 


SPECIES XXVII. 

Oft this there are four families; opal, ſemi-opal, pitchſtre, 
or pechſtein, and ligniform. | 
Family I. Opal edler, gelber opal of Werner. 

Family II. Semi- opal. 
Family III. Pitchſtone. 
Family IV. Ligniform opal or pitchſtone. 


Or HYDROPHANES. = 
Such opake ſtones as become N by pacing them in 


water, are called Hydrophanes. 


SPECIES XXVII. Hyalite, 
Muller's glaſs of the Germans. Lava glaſs of many. 


SPECIES XXIX. Calcedony, 


| Family I. Calcedony, or common calcedony. 


Family II. Carnelian. 
SPECIES XXX, Cat's Eye. 


SPECIES XXXI. Flint. 
Feuerſtein of the Germans. 
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SPECIES XXXII. Hornſtone. 


Family J. Hornſtein of the Germans, petroſilex, chert. 


Fuuily II. Schiſtoſe hornſtone. Schiefriges hornſtein. Voight 
Abhand, p. 81. | | 


r. Siliceous ſchiſtus, gemeiner kieſel ſchiefer of 3 
varieties. 2. Baſanite, Lydian ſtone of Werner. Black jaſper of ſome. 
3. Hornſlate of Charpentier and Voight. Schiſtoſe porphy ry 
of Werner, 


SPECIES XXXIII. Jaſper. 
Family I. Common Jaſper. EO | 14 
family II. Egyptian pebble. 8 | | 75 . | | | | | 
Family III. Striped jaſper. Band jaſper of Werner, 


funily 1, Sinople. 
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SPECIES XXXIV. Porcellanite, 


Porcelain jaſper of Werner. 


SPECIES XXXV. Heliotropium, 


SPECIES XXXVI. Woodſtone, 
Holzſtein of Werner, Lithoxylon of others, 


SPECIES XXXVII. Elaſtic Quartz, 


SPECIES XXXVIII. Feld-Spar. | [ 


Family I, Common feld-ſpar, or feld-ſpar ſimply ſo called. Spath 
fuſible of Dcſmaretz, ſpath etinulant, ſpathum pyro- 
machum. | | 

Family 7T, Moon ſtone, adulario of Pini. ; | | 

Tamy III. Continuous feld-ſpar. Feld-ſpar en maſle. 


SPECIES XXXIX. Labradore Stone. 1 
Labradore feld-ſpar of Werner. 14 
3 1 | 
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- SPECIES XL. Petrilite, 
Or cubic feld-ſpar of Karſten. 


SPECIES XLI. Felſite, 
Or compact feld - ſpar of Widenman. 


BFECIES XLII. Argentine Feld-Spar, 
Or oculus piſcis. 


SPECIES XLIII. 
Redſtone of Rawenſtein, 3 Mem. Lauſan. p. 129. 


SPECIES XLIV. Siliceous Spar. 
Saulen ſpath of Bindheim. 


OF AGATES. 


| Agates, as Mr. Werner juſtly remarks, do not form a diſtin 
ſpecies of ſtone, but conſiſt of quartz, cryſtal, hornſtone, flint, 
calcedony, amethyſt, jaſper, carnelian, heliotropium, jade, aggre- 
gated in binary, ternary, or more numerous combinations, and 
ſuſceptible of a good poliſh ; even one of theſe, if it preſents two 
or more colours, and aſſumes a good poliſh, is called an agate, 
Theſe mixtures preſent either dots, veins, zones, filaments, f. 
gures of various kinds, ramifications, or arborizations. 
Their colours are, the clear yellowiſh, reddiſh, milk, or grey- 
iſh, or bluiſh white, or pearl grey, or honey, ochre, or orange 
yellow, fleſh, blood, or brick * or reddiſh brown, violet blu; 


or browniſh green. 


GENUS VI. 


STRONTHIAN EARTH, 


SPECIES I. Stronthianite. 


Combined with fixed air. 
"2 


MINERALOGY. 331 


GENUS VII. 
JarGON. Zircon of the Germans. 


GENUS VIII. 


SYDNEIA, 
Of this no ſpecies has as yet been found; nor has it been de- 
tected in any other ſtone, 


GENUS IX. 
ADAMANTINE EARTH. 


SPECIES I. Adamantine Spar. 


This earth hath hitherto been diſcovered only in adamantine 
ſpar, though its exiſtence may be ſuſpected in ſome feld-ſpars, 


OF AGGREGATED STONES. 


Theſe conſiſt of either grains (angular maſles) of ſtones ſimply 


compacted together, and forming either uniform or ſlaty maſſes 
or of ſtones of one or more ſpecies, inhering in another ſtone, 
which may be conſidered as their baſis or cement; or of rounded 
[tones of different ſorts, adhering to, or inhering in, ſome other; 
or of maſſes of different aggregates inhering or adhering to each 
other. 

Granite. 


This name denotes an aggregate of quartz, 3 and mica. 


Sienite. 


An aggregate of quartz, hornblende, and feld-ſpar, or of 
quartz, feld-ſpar, hornblende, and mica. 


Granatine. 


Beſides the aggregates already mentioned, there are various 


other triple compounds, which may be denoted by the name of 
Granatines, 


Quartz — dere Quartz | uartz Quarta 
Fe ke 4a | Feld-ſpar Fa ſoar Mica 8 Mica 
Schorl Garnets Schorl Jade Garnot 
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uartz vartz uartz Quartz Quartz uar 
a chorl aur: Hornblende | Hornblende Qs _ 
_ Hornblende | Jade Garnet Jade Garnet Garnet 
uartz 
He nblende 
Hornſtone | 0 
Feld- ſpar Feld- ſpar | Feld- ſpar ] Feld- ſpar 
Mica Mica Quartz Quartz 
Schorl Hornblende | Serpentine | Steatites. 


Or Binary AGGREGATES OF THE GRANITIC kIxp. 


Granitell. 


Binary aggregates of quartz, feld- ſpar, mica, ſchorl, horn- 
blende, &c. 


The granitells hitherto noticed by Sauſſure, Heepfuer, and 
Haidinger, are, 


Quits Quartz 2 Quartz | Quartz | Quartz | Quartz 
F 


d- ſpar | Mica — Hornblende | Jade Garnet | Steatitcs 


Feld-ſpar gad f. Feld- ſpar Feld- ſpar] Feld- ſpar 
Mica Schorl Hornblende | Jade Garnet 


Mica | Mica Mica | Mica 
Schorl | Hornblende | Jade | Garnet 


Hornblende ] Hornblende 
Jade Garnet 


Indurated Steatites 
Schorl. 1 Sauſſ. 104. 


Grunſten, 
Compoſed of hornblende, feld-ſpar, or mica. 


Jade 
Garret 


Granilite. 
Granites indeterminatus of Hœpfner. 


Under this denomination are comprehended all granites that 
contain more than three conſtituent parts. 


Quartz | Quartz | Quarrz | Quartz 


Quartz Quartz 
Feid-ſpar j F-t1d-ſpar | M ca Feid-ſpar 


Baroſelenite | Baroſelenite 


Mica Mica Schorl | Mica Mica Mica 
Schorl Steatites | Garnet | Garnet Schorl Hornblende. 
Gneis. 


Roche feuilletée of Sauſſure. | 
This conſiſts of quartz, feld-ſpar, and mica. Of a thict, ſl 


continuous, or fibrous texture, and not of a granular, as when they 
form granite. And hence a ſlaty granite is not on that accout 
to be called a gneis, as it is {till granular. 
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| Schiſteſe Mica. 
Glimmer ſchiefer of Werner. Roche feuilletee of Sauſſure. 
Porphyry. 
Any ſtone which, in a ſiliceous or argillaceous ground or baſis, 
contains ſcattered ſpecks, grains, or dots of feld-ſpar, viſible to 


the naked eye, is denominated a porphyry. 


Or SIL1ctous PoRPHYRIES. 


Giliceous porphyries have either jaſper, hornſtone, pitchſtone, 


obſidian, ſiliceous ſchiſtus, ſchiſtoſe hornſtone, or 8 itſelf 


for their baſis. 


Faſper Porphyry. 
The exiſtence of this has lately been called in — 


Hornſtone Porphyry.. 
Pitchſhone Porphyry. 
Objidian Porphyry. 
Horn Porphyry. Porphyry ſchiefer of Werner. 


Petunſe Porphyry. 
NY that has feld-ſpar for its baſis is called by this name. 


Or ARGILLACEOUS PORPHYRIES. 
Theſe may how indurated com Pos trap, W mul - 
len, kragg, or argillite, for their baſis. 
Clay Porphyry. 
Hornblende Porphyry. Ophites of Briſſon. 
Trap Porph byr ye 
Wacken Porphyry. 
Mullen Porphyry. 
Kragg Porphyry. 
Argillitic Porphyry. 
Nevaculite Porphyry. 
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Muriatic Porphyries. 
Theſe have cither potſtone or ſerpentine for their baſis | 
Poiftone Porphyry. 
Serpentine Porphyry.. 


Granitic Porphyry. | 
Sandſtone Porphyry. 

Amygdaloid. Mandelſtein of Werner. | 

By this name Mr. Kirwan underſtands any ſtone, of the argil. 
laceous claſs, which contains as in a ground, or baſis, rounded or | 
elliptic maſſes of calcedony, agate, zeolite, calcareous ſpar, liths- 
marga, ſteatites, green earth, often alſo garnets, hornblendes, and 
| opal; with ſome or other of theſe, though very rarely, feld. pr 
1 has alſo been found. 
| 1 This bafis is generally indurated clay, trap, wacken, mullen, 

| kragg. 


6 
* 
Dee 
9 


| Pudding-flone. | | 
A collection of rounded pebbles, of the ſiliceous genus, Ct 


mented by a ſubſtance of the ſame genus, or a ferruginous com- 
pound of equal hardneſs. 


| Sandſtones. 

Theſe conſiſt of grains, not exceeding 1-3d of an inch, of 
quartz, flint, hornſtone, ſiliceous ſchiſtus, feld-ſpar, or ſometimes 
mica imbedded in a calcareous, argillaceous, ſiliceous, or ferrugi- 
nous cement; the ferruginous is, indeed, 88 frequently inter- 
mixed alſo with the foregoing. 


Calcareous Sandſlones. 
Argillaceous Sandſiones. 
Siliceous Sandfones. - 
Ferruginous Sandſtones. 


Rubble Stone. Grauwacke of Werner. Gres Gris of the French. 


P, 


Breccias. 
Theſe are either ſimple or compound: Simple breccias coulit 
of angular fragments of {tones of the ſame genus, agglutinated | 
or compacted together; or of ſtones of one ſpecies imbedded in 
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cement of the ſame genus, whether the ſpecies be different or 


not. i 
Compound breccias conſiſt of fragments of ſtones, or aggre- 


gates of various ſpecies, or genera, ſtuck in a cement of a diffe- 
rent genus; thus trap, in which fragments of granite are ſtuck, 
or a trap in which granite, argillaccous ſchiſtus, and limeſtone 
fragments, are found, form breccias. . 


Still many aggregates are daily met with, which cannot be ar- 


ranged under any general denomination now in uſe. Mr. Kirwan 
propoſes to call them, if any of their conſtituent parts can be con- 
idered as a baſis or cement, Porphyroids ; if none can be conſi- 
dered as a baſis, Granitoids. 


MixeD EARTH, AND DERIVATIVE STONES. 


Earths, reſulting from the union of earths, or ſands, Mr. Kirwan 
calls mixed. 


dane, reſulting from the coalition of ſtones of different ſpecies, 
are called derivatives; they differ from aggregates in this, that 
the aſſociated ingredients are not viſibly diſtinct, or, at leaſt, 
require microſcopes to render them ſo. 


Derivative flones are limeſtones, intimately mixed, not only with 
iliceous particles, and calces of iron, but alſo with bn Ras: in 
various marbles. 


Spars, contaminated with metallic ſubſtances. 
| Marls, diſguiſed by iron. 


Gypſum, penetrated with marl, calcareous ſpar, ſwineſtone, and 
ſandſtone. 


Or THE MuxIaTic GExus. 


P.lone, intermixed with quartz, mica, or ſome other ſtone of 
the ſiliceous genus. 


. * — 
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Or THE ARGILLACEOUS GENUS, 


Trap, blended, or intimately mixed with hornblende flate, wie. 
| ken, mullen, or kragg. 


Talceſe Argillite. 
C alciferous Argillite. 
Hornblende Slate, penetrated with talc or mica. 
Hornblende, penetrated with garnets. 
Hornblende Slate, penetrated with an exceſs of quartz, 


Mullen, penetrated with aſbeſtinite. 
Trap, paſling into granite. 
Ferruginous Argallite, 
Argillite, with an exceſs of argill. 


OF THE SILICEOUS GExUs. 
Tron ſbot Duarts. 
Zariby Duartz. 
Zarthy Quartz, penetrated with yellowiſh green aCtinolite, 
Earthy Hornſtone. | 
Ferruginous Hornſlone, 
| Siliceous Schiſtus, penetrated with argillite. 
S:liceous Schiſius, penetrated with mullen. 
 Sihiceous Schiſtus, penetrated with limeſtone. 
Pitch}one, penetrated with opal. 


Granite, penetrated with argillite, 
In a Firſt Appendiz, Mr. Kirwan deſcribes the 
Diamond. 


In a Second Appendix, 
Stones and Earths that owe their Origin to Fire. 


Theſe are either volcanic or pſeudo- volcanic. 
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Vorcanic PRODUCTIONS. 


; Of Lavas in general. 


Any matter that has iſſued out of a volcano in a liquified ſtate, . 
or that has accompanied or been enveloped in ſuch liquified mat- 
ter, is in general ſtyled a lava. | 


= Of Vitreous Lavas. 


Vitreous lavas are formed of ſuch matters as have been expoſ- [ 
td to the greateſt heat, or which, from their compoſition, were 
moſt ſuſceptible of vitrification in a moderate heat. 


| | If | 

3. Of Enamels. | | | 

Analagous to vitreous lavas, are the imperfect vitrifications 
called enamels. 


4. Of Volcanic Scoriæ. 
Theſe are compounds of iron and ſtony matter that owe their 


fuſion to ſulphurated i iron, which is known to be much more fu- 
fible than iron in any other ſtate, 


S 
U 


5. Of Volcanic Slags. . | | | | 

Theſe entirely reſemble the droſs of forges ; they are geueral- = | 
ly red and heavy. | | 
Of Cellular Lava. | 


Of Compact Lava. 


By compact lava, volcanic writers denote an earthy ſubſtance, 
which, after having been fuſed, but not vitrified, becomes, on 
cooling, compact, cloſe, and ſolid. 


Or VoLcanic ASHES, SAND, PUZZOLANA, TRASS, Tons, | 
AND PIPERINO. | | 


1. Of Volcanic Aſhes. 
2. Of Puzzalana, : Ei: 


Js Traſs, or Terras. | | [! 
Mr. Kirwan couples this with puzzolana, on account of their 
6 to each other, and not becauſe he looks upon it as con- 
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ſtantly, and neceſſarily, a volcanic production. On the contrary 
he believes it to be generally the product of pſeudo- volcanos, 
external fires. | Y 


+ Tufas. 


Theſe ſeem to be a puzzolana formed by nature into a mor 
tar. 


z | 5. Piperino. | 
This alſo ſeems a concretion of volcanic aſhes, and is (aid ts 
be the ſubſtance that covers Pompeia. 


6. Pumice. 


Or Srowr SUBSTANCES EjJECTED, UNALTERED, OR BUT 
SLIGHTLY INJURED. 


Not only ſchorls and garnets have been ejected from volcanos 
unfuſed, but even calcareous and fluor ſpars, with their tranſpa- 
rency unimpaired. 5 


Granites, in different ſtates. 


Porphyries. 


CHAPTER IV. 
CONCERNING THE CHEMICAL ANALYSIS OF EARTIHS AND STONES. 


Norwrrusraxpixc the great attention which for ſome years 
paſt has been paid to the analyſis of earths and ſtones, it muſt be 
confeſſed that we are ſtill very far from poſſeſſing a ſufficient 
number of well eſtabliſhed facts to ſerve as the baſis of a metho- 
dical diviſion of thoſe ſubſtances. It is for this reaſon that the 
chemical methods hitherto offered to the public are ſo different 
from each other; and this circumſtance rendered it neceſſary to 
exhibit, in the preſent work, the ſyſtems of three celebrated che- 
miſts, though the interval between the publication of their 16 
ſpeRive works is by no means conſiderable. 


2 


Fd 
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The principal advantage derived from the labours of our co- 
temporaries in their inquiries into the nature of earths and ſtones, 
confiſts in the diſcovery of methods for obtaining a knowledge of 
ther principles. The methods of analyzing theſe ſubſtances is 
rather complicated; for which reaſon I ſhall, in the preſent chap- 
ter, exhibit merely its outlines. 

The action of fire, air, and water, might be eaſily underſtood 
by beginners, who have read only the firſt part of this work, in 
which the properties of theſe ſubſtances are explained ; but the 
faline matters ſo advantageouſly employed to ſeparate and to diſ- 
corer the different conſtituent principles of earths and ſtones be- 
ing wholly unknown to them, we ſhould become unintelligible, 
and ſhould deviate from the regularity neceſſary in the ſtudy of 
the phyſical ſciences, were we here to treat of the uſe of theſe 
folrents in the analyſis of ſtones; I ſhall refer the detail of the 
accurate chemical methods of decompoſing earthy ſubſtances by 
means of acids and alkalis to another part of this treatiſe, oy 
ing here only the general principles *. 

When it is propoſed to examine into the chemical nature of 
ay earth or ſtone, it is neceſſary, firft, carefully to obſerve its 
phylical properties, ſuch as its figure, hardneſs, colour, weight, 
&, The extraneous matters, which are always more or leſs 
abundant, muſt then be ſeparated, by picking, waſhing, or other- 
wiſe, in order that the ſubſtance may be had pure and unmixed. 
A ſtone muſt be reduced into powder before its analyſis can be 
proceeded upon: The action of fire is one of the firit teſts to 
nich earths are commonly expoſed. A few ounces of the ſub- 
tance under examination being put into a crucible of well baked 
clay, or porcelain, is heated in a good furnace, ſuch as that of 
Macquer, or ftill better in the potter's or glaſſmaker's furnace. 
lt muſt be remarked, that the argillaceous garth, which conſti- 
utes the caſe or principal part of the erucibles employed in this 
bperation, very often contributes greatly to the change produced 
by heat in the included ſubſtance. There is not, however, any 
nethod of obviating this inconvenience, which in fact is of no 
great contequence in the comparative analyſis of a confiderable 
zumber of ſtones. For ſome years paſt chemiſts have availed 

bes of the blow-pipe 1 in the examination of mineral ſub- 
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ſtances by fire; and it is certainly of advantage to employ thi 
method as well as the other. The mineral ſubſtances are expo. 
ed to the flame of a lamp or candle, urged by the blow- pipe, ei. 
Wt ther alone or mixed together, or with the addition of certain ſalt; 
[of hereafter to be deſcribed “. The apparatus deſcribed in my If. 
moires de Chimie, which is calculated to throw a ſtream of vital 
{i | air on ignited charcoal, and whoſe effects are ſo conſiderable, az 
i to equal thoſe of the moſt powerful burning-glaſſes, may be ad. 
f | vantageouſly uſed in this inquiry. Theſe ſmall experiments ex. 
hibit a greater or leſs degree of fuſion, or ſome other changes of 
form, colour, conſiſtence, &c. which are to be very accurately 
deſcribed. This trial by fire muſt be repeated in earthen retorts, | 
with receivers, and likewiſe the pneumato-chemical + apparatus, 
in order to collect the. water and aeriform fluids, which are dil. 
engaged. The laſt mentioned products are not afforded, but by 
ſuch ſaline earthy ſubſtances as are conſidered by naturaliſts 2 
ſtones ; but as theſe are often mixed with true earths, it is pro- 
per to mention in this place the general method of examining 
them. The action of fire on ſtones ſhows whether they are yi 
trifiable, argillaceous, or mixed; but as moſt ſtones are of the | 
laſt mentioned kind, and may contain ſeveral different ſubſtances, 
to the numbers of five or fix, and thoſe in various proportzons, it 
becomes neceſſary, in almoſt every inſtance, to make uſe of other 
methods to determine their compoſition. Theſe proceſſes conſit 
in the application of a variety of acid and alkaline ſolvents, whoſe 
ſucceſſive action ſeparates the conſtituent principles. 

The action of air, and of the vapour of water, on earthy ſub- 
ſtances, may likewiſe ſerve to enlarge our knowledge of their nz 
ture and principles. Some earths are not altered by theſe agents, 
others are divided, and by degrees changed in their form, colour, 
and conſiſtence: Theſe phenomena take place more eſpecially i 
very compounded ſtones, and ſuch as contain much iron. The 
lixiviation or waſhing in hot or cold water ſerves, beſides, to ſlon 
the preſence of ſaline matters, though very inſoluble, often con- 


tained in them. 
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See the Eſſay on the Blow-pipe, by Bergman, annexed to Ne Manul di 


Mineralog e, or Cullen's Engliſh Tra: lation of Bergman. 
+ For a deſcription of this apparatus, conſult the article Gaz in the Didtioma! 


# Chimie, in the treatiſe on the different kinds of air, by Sigaud de la Fond, &. 
& I. 
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It is by theſe different methods that modern chemiſts have ſuc- 
ceeded in determining the nature and proportion of the principles 
which enter into a conſiderable number of earths and ſtones. I 
have hitherto mentioned only their moſt general uſe; but in the 
hiſtory of ſaline ſubſtances, all the details relative to this object 
will be given, which it would be obviouſly improper to introduce 


here“. 


* 


* The beſt account we have in the Engliſh language of the chemical analyſis 
of carths and ſtones, is to be found in the firſt volume of Mr. Kirwan's Mineru- 
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PAR T III. 


SECTION I. 
SALINE SUBSTANCES. 


CHAPTER I. 


CONCERNING SALINE SUBSTANCES IN GENERAL, THEIR CHARAC= 
TERS, NATURE, AND THE METHOD OF CLASSING THEM, 


Tur number of ſaline ſubſtances is very conſiderable; and they 
poſſeſs peculiar charaCters, by which they are diſtinguiſhed from 
the ſubſtances before treated of in this work. Theſe characters 
are founded on certain properties, which, it muſt be confeſſed, 
are not accurately diſtinctive of their true nature: By this means 
the claſs of ſalts has been extended too much, the general pro- 
perties being common to a great number of bodies. 

Taſte and ſolubility in water, which have always been given 
as the characters of ſaline ſubſtances, are properties of many bo- 


dies which are not ſaline; as, for example, all mucilages, whe- 


ther of the vegetable or animal kingdoms : And on the contrary, 
theſe two properties are ſcarcely perceptible in ſeveral ſaline ſub- 
ltances, Naturaliſts have not ſucceeded better in their definition 
of ſalts. The cryſtalline form and tranſparency which ſeverat 
authors have aſſumed as characteriſtic of this elaſs, belong like» 
wiſe to many other matters, more eſpecially earths, and are be- 
ides wanting in ſome of the ſalts. It was therefore with great 
reaſon that Macquer aſſerted, that the limit between ſaline mat- 
ters and ſuch as are not ſaline is unknown. | 

However, as it is neceſſary to come to ſome deciſion reſpecting 
theſe properties, we ſhall give a general account of them before 
ye proceed to the particular hiſtory of each alt. 

We admit as ſaline ſubſtances all ſuch as poſſeſs ſeveral of the 
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four following properties. 1. A ſtrong tendency to combination, 
or a very ſtrong affinity of compoſition. 2. A greater or leſs de. 
gree of ſapidity. 3. A greater or leſs degree « of ſolubility ; in wa- 


| 1 ter. 4. Perfect incombuſtibility. ' Before we examine each of 
4 theſe properties ſingly, it muſt be obſerved, that the ſaline qua- 
＋ lity of any given body is greater, the more of theſe properties it 


poſſeſſes, and the greater their intenſity. It muſt not, however, 
be concluded, that ſubſtances arè not of a ſaline nature becauſe 
theſe properties are ſcarcely evident in them, as it may often hap. 
pen that two ſpecies, which poſſeſs them in a very {mall degree, 
exhibit them {till leſs when they come to be united ; and there 
are likewiſe inſtances of the contrary effect taking place; but in 
theſe caſes, a more varied application of the chemical analyſis, or 
ſyntheſis, may ſerve to exhibit the ſaline e more eri 


dently. b 


6 1. Concerning the tendency to 8 , confidered as a C 50. 
racter of. Saline Sulſiancen. 


The greater number of ſalts have a tendency to combine with 
many different ſubſtances. It is among the ſalts that the mo! 
active bodies, with reſpect to combination, are found: For this 
reaſon the chemiſts have at all times made great uſe of them, 
and have dignified certain ſalts with the names of folvents and 
menſtrua. This tendency to combination differs greatly in the 
ſeveral ſpecies of ſalts : Some poſſeſs it in ſo intenſe a degree, 
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141 that they corrode, diſſolve, or deſtroy every thing they touch, 
$i. and that even the vitrifiable and quartzoſe ftones cannot with- 
L148 ſtand their action; ſuch are ſeveral of the pure ſalts called acids 


and alkalis : Others, though they do not ſo ſtrongly tend to com- 
bination, nevertheleſs unite with great readineſs to ſeveral ſub- 
ſtances : And, laſtly, there are ſalts which do not poſſeſs this pro- 
perty in any fenſible degree, as is often obſervable in compound 
ſalts, whoſe” principles have a ſtrong affinity with each other, and 
| | are mutually ſaturated, It is not to be wondered that falts arc 
14 ſeldom found in nature in a ſtate of purity, when we attend to 
|| id the effects of this e of en with various ſubſtances 


9 2. Of Taſte, 3 dered as a Character of Saline Subfances, 


| Sapidity has hitherto been conſidered as being ſo far peculit 
to ſaline Pee, that many philoſophers have concluded thek 
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bodies to poſſeſs it excluſively, and that they are the principle of 


fapidity in all other bodies; though this opinion is not yet clear- 
ly proved, becauſe there are many bodies not at all ſaline, as, for 
example, the metals, which have a very ſenſible taſte, But though 


inſtances may be urged of certain ſaline matters which have 


ſcarcely any taſte, yet it cannot be denied that the moſt eminent- 


ly fapid bodies belong to this claſs z for which reaſon we have 
aſſumed this property as one of the leading characters of ſalts. 
The ſapidity of faline matters varies like their other properties in 
the different ſpecies. In order to determine its origin, and more 
eſpecially the cauſe of the differences of its energy, it will be ne- 
eefſary to ſhow in what it conſiſts, By ſapidity, we commonly 
underſtand an impreſſion made on the organs of taſte, by which 
we determine the good or bad qualities of any ſubſtance with re- 
gard to ſalubrity; it is therefore a peculiar action of the ſapid 
body on the nerves of the tongue and palate of animals. But it 
may be aſked, whether this property of bodies enables them to 
at ſenſibly only on the nerves of the tongue, and whether it may 
not be equally exerted on all thoſe parts of an animal which con- 
tain nerves? They who are acquainted with the animal economy 
cannot deny that the action, which excites the ſenſation of taſte, 
muſt produce its effect on any nerves whereſoever ſituated, and 
that it muſt be proportioned to the ſenſibility of the TY _ 
ihe organs to which it is applied. * 


In this way” of conſidering ſapidity, we are naturally led to 


conclude, 1. That its eee will be ſcarcely ſenſible on ſuch 
parts of bodies as contain few nerves, or whoſe nerves do not 
poſſeſs a conſiderable degree of ſenſibility, on account of their 
deing covered; as on the ſkin, where they are defended by the 


_ reticular membrane and epidermis, It follows, therefore, that 


the taſte of any ſalt muſt be very ſtrong and active, before it can 
act ſenſibly upon the ſkin. 2. That the impreſſion will be made 
with much more efficacy on theſe organs, whoſe nerves are large, 
numerous, and of a' form proper to admit an extended contact; 
or more violent agitation, and whoſe epidermis is very thin, ſo as 
to leave the nerves almoſt uncovered. The ſuperior part of the 
tongue, the palate, and the whole internal ſurface of the mouth, 
are Capable of perceiving the taſte of a great number of bodies, 
which make no impreſſion on the leſs ſenſible organs of the ſkin. 
3. That bodies which have no taſte and yo action when applied 
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to the ſkin, may nevertheleſs produce a conſiderable eſſec on 
parts more delicately organized, or whole nerves poſſeſs a greater 
degree of ſenſibility, as is the cafe of the ſtomach and inteſtines, 

Theſe conſiderations being admitted, we may diſtinguiſh three 
claſſes of taſtes, and of ſapid bodies, to which all faline matters 
may be referred. The firſt claſs comprehends ſalts of the ſtrong. 
eſt taſte, capable of acting on the ſkin. The impreſſion of this 
taſte is ſo ſtrong, as to cauſe very acute pain; and if its action 
be continued for a certain time, the organization of the ſkin is 
entirely deſtroyed. This taſte is cauſticity ; and the ſalts which 
poſſeſs it are called cauſtic. The fecond claſs comprehends thoſe 
whoſe fapidity is of a mean degree of intenſity, and is' not to be 
perceived but by the organs of taſte ; theſe are commonly diſtin. 
guiſhed by different names, as bitter, aſtringent, acid, acrid, uri- 
nous, &c. In the third claſs, we ſhall arrange faline ſubſtances, 
whole taſte is ſenſible only in the ſtomach and inteſtines : Theſe - 


are not numerous. It is of importance to make ſome obſervations 


on the relations of theſe ſeveral claſſes of taſtes. And, firſt, It 
muſt be obſerved, that there are many degrees in each of theſe 
elaſſes by which bodies differ from each other in intenſity of 
taſte. Thus, among cauſtic ſalts, ſome act much more ſtrongly 
than others; the former immediately deſtroying the organization 
of bodies, while the latter require a more conſiderable. ſpace of 
time to produce the ſame effect. This obfervation applies like- 
wiſe to the bitter, aſtringent, and urinous ſalts, as well as to thoſe 
which have no ſenſible action but on the nerves of the ſtomach, 
In the ſecond place, In confidering the diverſities of theſe taſtes, 
we are naturally led to the conclufion, that the ſeveral taſtes are 
degrees of the ſame property, from the moſt cauſtic. ſalt, to that 
whoſe action is too feeble to be perceived, but on the highly ſen- 
fible organs of the ſtomach z and this reflection ſeems to ſhow 
that all taſtes owe their origin to one and the fame cauſe. 

To determine the cauſe of ſapidity, it will be proper to conſt 
der its ſtrongeſt degree, that we may better diſtinguiſh the phe- 
nomena, and deduce its mode of action. The inquiry, therefore, 
relates to the cauſe of cauſticity; a property which has always 
been a ſubject of conjecture among chemiſts. Lemery obſerving 
that very hot bodies are exceſſively cauſtic, and likewiſe that fuch 
ſalts as poſſeſs this property have been ſubjected to a ſtrong de- 
gree of heat in their preparation, attributed the property of cau⸗ 
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ficity to the particles of fire, which he ſuppoſed to be depoſited 
among the particles of bodies. Mr. Baume eſpouſed this opinion. 
Meyer, an apotheeary of Oſnaburgh, after making a feries of in- 
quiries into the nature of caultic ſalts, conſtructed an ingenious 
ſyſtem, or hypotheſis, to which many chemiſts have been much 
attached, though at preſent it is held in no eſteem. This philo- 
fopher attributed cauſticity to a principle which he conſidered as 
z compound of fire, and a peculiar acid; this he denominated 
euſticum, or acidum pingue, after the ancient chemiſts. He pur- 
ſued this principle through its tranſitions and combinations, as 
Stahl had done before with his phlogiſton ; but his ſyſtem was 
defective in the ſame manner as that of Stahl, as he did not ſuc- 
ceed better in proving the exiſtence of his cauſſicum, than Stahl 
did that of his phlogiſton. Dr. Black, whoſe reſearches were di- 
rected to the ſame ſubjects as thoſe of Meyer, gave the finiſhing 
ſtroke to his dectrine, by clearly ſhowing, that the cauſticity of 
lime and alkalis, far from being owing to the addition of any 
principle, acidum pingue, as Meyer thought, arifes, on the con- 
trary, from the ſubtraction of an elaſtic fluid, which we ſhall 
hereafter deferibe under the name of the carbonic acid. 

Macquer is, beyond controverſy, the chemiſt whoſe inquiries 
into the cauſe of cauſticity have been attended with the greateſt 
ſucceſs. The doctrine explained by him on this ſubject, in his 
Chemical Dictionary, is fo clear, and eſtabliſned on ſuch conclu- 
fve facts, that it is impoſſible to forbear aſſenting to his opinion. 
After obſerving that cauſtic bodies corrode and deſtroy our or- 
gans, by combining with their conſtituent principles, he remarks, 
that, in proportion as the combination proceeds, the cauſtic body 
by degrees loſes its force; and that it ceaſes to be ſuch, as ſoon 
35 it has diffolved as much of the animal matter as it is capable 
of uniting with. Thus it is, that the pure fixed alkali, or lapis 
cauſticus, corrodes the ſkin on which it is applied, and after a 
certain time becomes ſaturated, and ceafes to act. This ſalt 
really acts by a chemical force, fince it produces its effect on the 
inſenſible ſkin of dead bodies, as M. Poulletier has proved by ac- 
curate experiments; and, in general, on all animal ſubſtances, 
which it diſſolyes. Cauſticity, therefore, depends on the tenden- 
cy to combination; and the effect of this force on our organs is 
merely the reſult of a combination of the cauſtic matter with the 
datter of which the organs are formed; in the fame manner ag 
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_ cauſtic bodies loſe their efficacy, when combined with any other 


ſubſtance with which they have a tendency to unite ; and, in a 
word, cauſticity 4s always 1 in proportion to the tendency to com. 
bination, Hence it is, that the moſt taſteleſs ſalt owes its want 
of cauſticity to its being already ſaturated with ſome other ſub. 
ſtance; and its taſte will be rendered ſtronger, in proportion to 
the more or leſs complete ſeparation of that ſubſtance. All the 
phenomena of ſaline bodies are in proof of this aſſertion, as ſhall 
afterwards be ſhown. 


6 3. Concerning Solubility, conſidered as a Character of Saline 
Bedtes. | 


Solubility in water has been aſſumed by all chemiſts as one of 
the leading properties of ſalts: Yet this property, like that of 
taſte, or the tendency to combination, is ſubject to great varie- 


ties. In ſome falts it is ſo powerful, that they cannot be depri. 
ved of the leaſt portions of water they contain, but by elaborate 
proceſſes long continued. 


Others have only a mean degree of 
jolubility, which may be aſcertained with conſiderable accuracy, 
as is the caſe with the neutral ſalts. And, laſtly, there are cer- 
tain ſaline matters, which are ſo little foluble, that they even 


ſeem 1n this reſpect to belong to the claſs of earths, and have in 


fact been conſidered as ſuch by naturaliſts. The limits between 
thoſe two claſſes of mineral bodies are very difficult to be deter. 
mined, and chemiſts are not agreed on this head. Mr. Kirwan, 


in his Mzncralogy, appears to have adopted the opinion of Berg- 


man, who thinks that all ſubſtances which require more than 
one thouſand parts of water for their ſolution, ought to be rank- 
ed among earths; and that all which are more ſoluble, ought to 
be eſteemed as falts. If this propoſition ſhould be received a- 
mong chemiſts, as I think it deſerves to be, we ſhall avoid the 
diverſity of opinions and of language, which has hitherto prevall- 
ed, to the diſcouragement and hinderance of ſuch as enter into 
the ſtudy of this ſcience. | 

There is the ſame correſpondence between the taſte and ſolu- 
bility of ſalts, as there is between this laſt property and the ten- 
dency to combination; for the ſolubility in water is an immedi- 
ate conſequence of the. tendency to combination, and muſt there- 
fore follow the ſame laws. It is found, that the more taſte and 
activity any ſalt poſſeſſes, the more ſoluble it is in water; ant 
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this general fact depends on their reſpective nature and proper- 
ties. 


(4. Of 7 ncombuſtibility, conſidered as a Character of Saline Bodies. 


It is more difficult to acquire a clear idea of this property of 
{aline bodies, than the others we have been ſpeaking of. They 
have not yet been conſidered by any chemiſt in this point of 
view; and many writers have aſſerted, that ſome 1 and a- 
mong them nitre, are truly combuſtible. 

To ſhow the fallacy of this opinion, and to prove that all mi- 
neral ſalts are perfectly incombuſtible, would require a more in- 
timate knowledge of the properties of theſe ſubſtances, than the 


reader can yet be ſuppoſed to poſſeſs. Vet as we are of opinion, 


that this character of falts is one of the moſt evident, and the 
moſt neceflary to be known, it will be proper in this place to ex- 
hibit a ſhort account of the doctrine we hold reſpecting it, which 


will be explained and incontrovertibly eſtabliſhed in the accounts 
we ſhall hereafter give of the reſpective ſaline ſubſtances. The 
valuable experiments of Mr. Lavoiſier ſhow, that ſeveral com- 


buſtible bodies form, by their combuſtion, acids of a particular 
nature, according to the ſubſtance burned. Combuſtion, as we 
have already explained, is nothing more than a combination of 
the baſe of vital air, or oxygen, with combuſtible bodies. All 


bodies which have been completely burned, that is to ſay, which 


have combined with oxygen in a ſufficient quantity to be ſaturat- 
ed, enter into the claſs of incombuſtible bodies; or, which is the 
ſame thing, their tendency to combine with oxygen being ſatis- 
ned, they are no longer capable of uniting with or abſorbing 
more, Theſe principles being once proved, if on the one part it: 
be found that many ſalts are the reſidues of various combuſtible 
matters which have been burned; and if, on the other part, an 
entire claſs of theſe ſalts be found to contain oxygen, and to ex- 
hibit the charaCters of ſubſtances which have paſſed through the 
proceſs of combuſtion ;z it will eaſily be conceived, that they can. 


not continue to be combuſtible. Theſe aſſertions are founded on- 


a great number of facts, as will hereafter be ſeen; they prove: 
that falts are compounded ſubſtances, moſt: of them being forme! 
by the union of certain combuſtible bodies with oxygen. And it 
will be underſtood with equal facility, that this character of in- 
fombultibility may be conſidered as the moſt certain and invart 
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able property of faline matters. The proof of theſe importati 
afſertions will, we hope, appear complete with regard to the claf 
of acid ſalts, in the details which will conſtitute the particular 
hiſtory of theſe ſubſtances. 

There exiſts, nevertheleſs, a claſs of ſalts which appear evi. 
dently to be compounded, and do not contain oxygen. Such are 
the alkalis in general: But they are either compoled of matters 
which are themſelves incombuſtible; or, if they contain any com. 
buſtible ſubſtance, as will be ſhown in ammoniac or volatile al. 
kali, it is united to a ſubſtance evidently incombuſtible, which 
abſotutely prevents this property from being ſenſible in the other 

ſubſtance. 


6 5. Concerning the Nature and Compoſition of Saline Subſtances 


in general. 


Stahl, who paid great attention to the nature of ſaline bodies, 
was of opinion, that they are formed of water and earth. He 
collected every fact which was known in his time, and applied 
them to the illuſtration of his ſublime theory. But that period 
of improvement has been ſucceeded by another, in which, by the 
multiplicity of experiments, and the magnitude of the diſcoveries, 
concerning the influence of air in chemical phenomena, the theo- 
ry of ſalts as invented by Stahl, and explained with great perſpi- 
cuity by Macquer, is no longer found adequate to the explana- 
tion of the nature and compoſition of thoſe bodies. We are no 
longer contented with thoſe diſtant analogies by which the moſt 
diſcordant facts are united, and which ſerve only to deceive by 
their illuſive light. It is better to acknowledge our ignorance, 
than to advance extravagant theories, that mult ſooner or later be 
refuted by experiment. 

Though the chemical nature of falts 1s not yet perfedly un- 
iderſtood, and the general facts will not permit us to aſſert, that 
i done ſingle principle is the cauſe and origin of all ſaline bodies, as 
11 i nany eminent philoſophers have thought; yet it muſt be admit- 
14 ted, that we are better acquainted with their compoſition than 
formerly. It is known that they, for the moſt part, contain e 
very great quantity of oxygen; and that this fluid is fixed in 
$Kombination with combuſtible matter, of a different nature in tha 
Wiſferent kinds of ſalts. There are ſufficient proofs, that many 
acids are thus compoſed ; and it may be ſtrongly prefumed by 
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analogy, that moſt of this claſs of ſalts are compounded in the 
ame manner. Water, without being one of the immediate prin- 
ciples of ſalts, is often united, and adheres to them by a very 
ſtrong attraction. As to the matter of fare, conſidered as phlo- 
giſton, which very great chemiſts have admitted in ſalts, there is ; 
too much uncertainty at preſent reſpecting the nature, and even 
| the exiſtence, of this matter, to juſtify the adoption of any de- | 
cided opinion. It is not the ſame with caloric, which appears to 
form one of the principles of ſalts, or rather to exiſt in a greater [| 
quantity in ſome than in others; ſuch is the general cauſe of the 1 
fluidity, fuſibility, and volatility of a great number of ſaline mat=- 
ters. 

The preſence of earth in moſt ſalts is not ſhown by any direct 
experiment; it is only known, that all native ſalts are mixed 
with a greater or leſs quantity of various earthy ſubſtances. But { 
theſe do not belong to them; they do not, properly ſpeaking, en- N 
ter into their compoſition, but are, as it were, acceſſaries. We | | 
do not, therefore, at preſent know any other principles of ſaline 
ſubſtances, except ſeveral combuſtible matters, oxygen, ſome in- | 
combuſtible ſubſtances, and caloric. It is known, that moſt acids 1 
are the reſidues of burned bodies, and that they can contain diſ- ; 
ferent proportions of combuſtible matter and oxygen, ſo that they 
exiſt in very different ſtates, according to the quantity of theſe 
conſtituent matters. Every thing more which has been ſaid, in | 
treatiſes of chemiſtry, upon the compoſition of ſalts in general, | 
; amounts to nothing more than hypotheſes, more or leſs ingenious, 

but at the ſame time more or leſs remote from truth. 
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'y j6. Concerning the Diſtribution, or Methodical Diviſion of Mineral 

* | Salts. LE : | 
5 Thoſe ſalts, which belong to the mineral kingdom, are very | | 


numerous; many of them are the products of nature, and are 
formed by the action of fire, water, and air, and by the deſtruc- 
tion of organized bodies; the greater number, however, are form- 
ed by art, or at leaſt have not yet been found among natural pro- 0 
ducts. The methodical treatment of theſe ſubſtances requires |! 
that they ſhould be divided into orders, genera, and ſpecies, as | 
las been already done with earths, and ſtones; we ſhall claſs all | 
mineral ſaline matters into two orders. TOE. 

The firſt contains ſuch ſaline ſubſtances as are reckoned ſim- 
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ple; we have called them primitive ſalts, becauſe they ſerve te 
compoſe the ſalts of the ſecond order. The ſecond order con- 
tains ſecondary, compound, or neutral ſalts, which are formed 
by the mutual combination of the ſimple ſalts, and are conſe. 
quently much leſs fimple than them. | 

Each of theſe orders is divided into ſeveral genera, and theſe 
again into ſpecies: The mineral kingdom, as far as our preſen- 
knowledge extends, conſiſts of nine genera, and at leaſt ninet' 
ſpecies of ſalts, either ſimple or compound, differing from eacl 
vther. We ſhall proceed to examine theſe in ſucceſhon *, 


. cr 


CHAPTER 1I: 


CONCERNING THE THREE SALINO-TERRESTRIAL SUBSTANCES, 


— — o mow... 
: : * P A "NF r . 
1 * £ * 2 2 * 
r 6 * BD" 0 8 N 0 
. . 8 —— . _ Ve 1 5 =_ 
2 — oe — . SS, — — . * 5 — 2 _ —_ 
— eee ee ON — yu EE -— i * 
r 6 N n A ers 2 22 0 2 — — - 
- > toes > 2 
* _ . 2 8 2 7 : 5 * 


af; 
— 


— N 
3 
2 TOES — 


ORDER I. SIMPLE OR PRIMITIVE SALTS. 


Wr diſtinguiſh thoſe ſalts by the name of ſimple or primitive, 

which were formerly thought to be ſo, and which ſome chemiſts 
even now continue to call fimple falts ; but as accurate experi- 
ments have proved that they are for the moſt part compounded, 
we muſt here. take notice, that they cannot with propriety be 
called imple, except when compared with the ſalts of the ſecond 

order: The epithet primitive is more accurate, becauſe theſe 

: compoſe, when united, the ſalts which we call ſecondary. We 

divide this order into three genera, comprehending ſaline terre- 
ftrial ſubſtances, alkalis, and acids. The preſent chapter contains 
an account of the former, and is followed in the ſucceeding chap- 
ters by the hiſtory of acids and alkalis. 
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GENUs I. Salino-terreſtrial Subſtances. 
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The three ſubſtances which compoſe this genus have hitherto 
been conſidered as earths, whoſe characters — reſemble 
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* There are three ſalino-terreſtrial ſubſtances, three alkalis, and ten mineral a- 
cids; and that theſe, united to alumine, the three ſalino-terreſtrial baſes, and the 
three alkalis, conſtitute ſeventy neutral or compound ſalts. But three of theſe . 

- cids may be in two different flates, and form neutral ſalts equally different; ſo 


Err * 


4 4 | = Dy that about twenty other. compound ſalts will be produced. 
„ | + We have already ſpoken of them in the lithology ; but we did not then ca- 10 
Fig | fer them but as forming part of the knowledge of natural hiſtory. 
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The obvious ſaline properties they exhibit, together with the 
properties. of earths, in a leſs evident degree than either the ſili- 
ceous or argillaceous earths, has induced us to place them before 
the ſalts, that they may ſerve as a connecting link between the 
latter and earths, from which they likewiſe differ, in their much 
ſtronger tendency to combination; as will afterwards be ſeen, in 
the examination of their properties. 

It muſt be obſerved, that, in our examination of the ſalino⸗ 
terreſtrial matters, as well as that of the primitive ſalts, concern- 
ing which we are about to ſpeak, they are ſuppoſed to be perfectly 
pure, though they are never met with in that ſtate without pre- 
vious artificial proceſſes. Of theſe proceſſes, however, we can- 
not yet ſpeak conſiſtently with regularity ; the hiſtory of neutral 
falts will ſhow the chemical methods of decompoſing them, as 
well as the ſimple or primitive ſalts. 


This firſt genus contains three ſpecies. a 

, 1 Species J. Barytes. 

1 Barytes was at firſt named ponderous earth, by Meſſrs. Gahn 
* and Scheele, two Swediſh chemiſts, who diſcovered its exiſtence 
d, in heavy ſpar. Bergman and Kirwan uſe the Latin word bary- 
be tes; Its ſpecthe gravity exceeds 4000, according to Kirwan. 
= This earth 1s never found in a ſtate of purity, but always com- 
fe 


bined. It was diſcovered, and conſidered as a particular ſub- 
he ſtance, by the chemiſts already mentioned. Meſſrs. Margraaf 
and Monnet imagined it to be of the nature of abſorbent or cal- 
careous earth. The latter, however, obſerved, that it poſſeſſes 
ap- certain peculiar properties; and was inclined to conſider it as a 
peculiar earth. Its properties have not hitherto been much exa- 
mined, at leaſt in its ſeparate and pure ſtate. Its combinations 
have been more attended to; and it is particularly by the ſalts it 
torms with acids, and its ſtriking ee 5 it is diſtinguiſhed 
trom every other ſubſtance. 

Pure ponderous earth, obtained by the methods hereafter to be 
deſcribed, is of a pulverulent form, extremely fine, and of a white 
colour. I have not obſerved that it impreſſes the ſenſe of any 
peculiar taſte on the tongue. 


lour, 


The ordinary fire of our furnaves is inſufficient to melt it; it 
£7 . 


It is not yet known whether the action of light alters its co- 
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communicates a blue or greeniſh colour to the crucible in which 


it is heated, and is itſelf lightly tinged with the ſame colour; a 


property that appears to depend on the mutual action exerted 
between this earth and clay. M. d&Arcet aſſerts, that a very 
violent heat melts it in a crucible either of clay or iron. Expoſed 


to the air, its weight increaſes, and it combines, though very 


flowly, with the carbonic acid of the atmoſphere. The action 
of oxygen and azote on this ſaline carth is not known ; perhaps 
it may contain azote, as one of its conſtituent parts, 

It is ſoluble in water, though very ſparingly, goo parts of the 
fluid being required to ſuſpend one part of barytes. Water, thus 
faturated, gives a feeble green colour to the tincture of violets *, 
and eſpecially to that of mallows or radiſhes. This ſolution, ex. 


poſed to the air, becomes covered with a thin pellicle, which, if 


taken away, is from time to time renewed ; the carbonic acid 
contained in the atmoſphere combining with the ponderous earth, 
and cauſing this phenomenon, which is ſimilar to what happens 
with lime-water in like circumſtances, though in an inferior de- 
gree. The ſame ſolution, evaporated to dryneſs, leaves the pon- 
derous earth, from whoſe weight the ſolubility of this ſubſtance 
may be eſtimated. The neceſſity of uſing diſtilled water in this, 
as well as in every chemical proceſs where accuracy is required, 
is ſufficiently obvious. | = 
Barytes has but a weak action, either in the dry or humid way, 
on ſilex and on alumine; it may nevertheleſs facilitate the fuſion 
of theſe earths, and it aſſumes a blue or greeniſh colour when 


heated with the latter +. 


This falino-terreſtrial ſubſtance is found leſs abundantly in na- 


ture than either of the others of that deſcription. It 1s pro- 


* TinQure of violets is a ſolution of the colouring matter of theſe flowers in 
water: The freſh, or newly made tincture, is a much nicer teſt than the ſyrup of 
violets; but as the fyrup may he employed in many caſes to exhibit the preſence 
of ſaline matter, we ſhall have frequent occaſion to mention it inſtead of the tinc- 
ture. F. 

+ It is proper to obſerve in this place, that, for the ſake of order, I do not ſpeak 
of the combination of two bodies till each has been firſt ſingly deſcribed. In con- 
formity with this rule, I have not in the hiſtory of barytes taken notice of the 
changes it ſuffers by combination with other bodies, except light, caloric, oxygen, 
azote, water, ſilex, and alumine ; becauſe theſe are the only ſubſtances yet treated 
of: Its other combinations will therefore be treated of as we advance. This order 
poſſeſſes the double advantage of being very methodical, and of pointing out what 
is already known in chemiſtry, as Mell as what remains to be done to facilitate its 


progicls. F. 
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table that it may be more abundant than has been ſuſpected. 
It was formerly known only in the barytic ſulfat or ponderous 
ſpar; it has been found a conſiderable time ago in England, 
combined with carbonic acid, and cryſtallized like a tranſparent 
ſpar. We ſhall deſcribe this falt in future. Some modern che- 
miſts ſuppoſe it to be a calx or metallic oxyd; from its weight, 
ind that of the compounds into which it enters, and likewiſe from 
the precipitate it affords when Pruſſian alkah is added to its acid 
ſolution, Bergman, a long time ago, drew the ſame inference. It 
s aſſerted that M. Gahn, a diſciple of this celebrated chemiſt, 
has ſucceeded in obtaining this ſubſtance in the form of a regu- 
Jus; but the fact requires confirmation. Its intimate nature is 
yet unknown, as no one has ſucceeded either in ſeparating its 
principles, or imitating it by compoſition. I ſuſpect, as I have 
before taken notice, that it may contain azote, or the baſe of azo- 
tie gas. | | | 

Barytes, in a ſtate of purity, has not been applied to any uſe- 
ful purpoſe; its ſolutions in water and in acids are employed as 
reagents, as will be more fully ſhown hereafter. 


Species II. Magneſia. 


Magneſia is ufually obtained from Epſom ſalt or fulphat of 
magneſia, and abounds in the mother water of nitre, and in a 
great number of ſtones, &c. It is not found pure in nature, 
but almoſt always in combination with an acid. Black is the 
rſt chemiſt who made an accurate diſtinction between this ſub- 
{ance and lime. | | 

Magneſia obtained in a ſtate of purity by the methods to be 
leferibed in future, is in the form of a very fine white powder, 
conſiderably reſembling flour in its appearance and feel; its ſpe- 
ſte gravity is about 2,33, according to Kirwan; it has no ſen- 
ible taſte on the tongue, but appears to act on the ſtomach, for 
i 18 a ſlight purgative it gives a faint greeniſh colour to the 
inCture of violets and mallows, and converts turnſole to a blue. 
The action of light on magneſia has not been accurately no- 
iced, but it does not appear to be conſiderable. When expoſed 
o a violent heat it does not melt, according to the experiments 
of M. d' Arcet. Macquer has obſerved likewiſe, that it remains 
unchanged in the focus of the burning lens of the garden De 
tlofante. M. de Morveau obſerved the ſame reſult, after ex- 
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poſing magneſia for two hours to the moſt violent heat of Mac. 
quer's furnace. M. Butini, a citizen of Geneva, who has publig.. 
ed a ſet of valuable inquiries into the nature of the magneſia of 
Epſom ſalt, has obſerved that this ſubſtance contracts in its di- 
menſions by a ſtrong heat, ſo that its particles become ſufficient 
hard to ſcratch iron. It is alſo affirmed that a ſmall cube formed 
out of a paſte of magneſia and water, expoſed to the focus cf 
Parker's lens, contracted ſuddenly in all its dimenſions : this pro. 
perty ſhould ſeem to point out ſome reſemblance between mag- 
neſia and alumine, with which 1 it is often found naturally com: 
bined, as has been obſerved in the hors of ſteatites, 1 85 
ſerpentine, &c. 

Magneſia heated in a retort loſes nothing but the water it 
contained; but at the ſame time it acquires a conſiderable de- 
gree of phoſphoreſcence, as M. Tingry, apothecary at Genera, 
has obſerved. Expoſed to the air, it remains long without al. 
teration. M. Butini placed 10 grains of calcined magneſia in a 
porcelain ſaucer covered with a paper in a dry chamber, and al- 
ter near two years it had gained no more in weight than abou: 
the eight of a grain. It appears to combine very ſlowly with 
the carbonic acid of the atmoſphere. It is very ſparingly ſoluble 
in water, indeed ſo as to be almoſt inappreciable; 4 ounces and 
a quarter of pure water being left in a bottle for three months, 
together with one eighth of an ounce of calcined magneſia, firlt 
boiled together with the fluid, afforded M. Butini a reſdue by 
evaporation, which he eftimated to be the one-fourth of a grain. 

Mr. Kirwan aſſerts, that it requires 7692 times its weight of | 
water to diflolve it in the ordinary temperature of the atmo- 
ſphere ; that is to ſay, about 60 degrees of Fahrenheit's thermo- 
meter. Notwithſtanding this difficulty of ſolution, magnelia 
forms a kind of paſte with water. This paſte is not ductile, but 
is eaſily broken, and the water is ſoon ſeparated either by heat, 
or the contact of dry air; the ſolution of magneſia has no ſen- 
ſible taſte, and ſcarcely alters the colour of ſyrup of violets. 

The action of magneſia on the pure earths is not yet well 
known; it is decided, however, that it cannot be fuſed with e- 
ther the ſilicecus or aluminous earths ſingly, but it may with 
both together. | 

The e action between this and the barytes has not bee 
inquired into. 
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The intimate nature of magneſia is not more known than 
that of barytical earth; there is no experiment which can be 
aged to prove that it is a modification of any other earthy or 
faline ſubſtance, as certain chemiſts have imagined. No one has 
yet ſucceeded in ſeparating magneſia into its component parts z 
neither has it yet been formed by ſyntheſis : in the preſent ſtate of 
chemiſtry it muſt therefore be conſidered as a ſimple ſubſtance. 

Pure magneſia, which Dr. Black calls cauſtic, is employed in 
medicine, as an abſorbent and purgative. It is to be preferred 
to the ordinary magneſia in thoſe caſes wherein acidities abound, 
becauſe the carbonic acid contained in the latter is difengaged by 
the acids in the firſt paſſages, and produces flatulencies, with all 
their numerous attendant conſequences : it preſerves fleſh for a 
long time, and even reſtores putrified bile. Mr. Bergman at- 
tributes to it the property of rendering camphor, opium, reſins, 
and gum reſins, ſoluble in water; though pure magneſia, as we 
have obſerved, is itſelf fcarcely ſoluble in that fluid: theſe pre- 
parations of Bergman are unknown in France. 


Species III. Quicklime, 


Quicklime is a white ſubſtance, whoſe parts cohere more 
ſtrongly together than thoſe of the two ſubſtances laſt treated of; 
it is uſually in the form of a {tone of a dirty white ; its taſte is 


burning, acrid, and urinous; and is fufficiently ſtrong to cauſe 


infammation when applied to the ſkin; its ſpecific gravity is 
about 2,3, and it is pulverulent and friable. It is found native 
in the vicinity of volcanos, as M. Monnet obſerved among the 
mountains of Auvergne. 

Lime converts the ſyrup of violets to a much deeper green 


than is produced either by barytes or magneſia; it even almoſt 


deſtroys this colour, and converts it into a dirty yellow. 

Lime expoſed to a very violent heat, as for example, that of 
a glaſs-houſe, ſuffers no alteration. Parker's burning glaſs; how- 
erer, appears to have produced a ſlight commencement of fu- 
hon, though the lime was placed on a ſupport of charcoal: its 
extremities are ſometimes melted when expoſed to a ſtrong heat 
ma crucible of clay; but this effect is produced by the mutual 
action of the two earths on each other. 

Lime expoſed to the air ſwells, breaks, and is reduced to 
powder, its bulk being conſiderably increaſed: it is then called 
| J. nj 
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lime ſlaked in the air. This change takes place more quickly, 
and more evidently, according as the air is more humid ; it is at. 
tended with heat, and the dilatation is ſufficiently ſtrong to burſt 
Bits caſks or other wooden veſſels, in which lime is contained. If 
1 1 this ſubſtance be examined after being flaked, by expoſure to air, 
it is found to conſiſt of a very fine white powder, remarkably 

1 increaſed in weight, while the intenſity of its taſte is diminiſhed, 
1 This change is principally owing to the water contained in the 
atmoſphere, which has a ſtrong tendency to unite with the lime: 

for if flaked lime be brought in a retort to a red heat, the water 

is expelled, and the lime returns to its original ſtate. The 

action of water on quicklime is very ſtrong. When a ſmall 

quantity of this fluid is poured on lime, it is quickly abſorbed, 

the lime appearing as dry as before: after a ſhort interval of 

time, it burſts into pieces, producing a degree of heat ſufficient 

to reduce the water into vapours, with a remarkable hiſſing 

noiſe. Theſe vapours have a peculiar ſmell, and give a green 

tinge to paper ſtained with mallows: the lime ſoon falls into a 

white powder; the heat, the agitation, and the vapours gradu— 
ally diſappearing. If this extinction be made during the night, 

or in a dark place, many luminous points are obſerved on the 

ſurface of the lime. All theſe phenomena are conſequences of 

the activity with which this ſalino-terreſtrial ſubſtance unites 

with water; but in order that they may take place, it is re- 

1065 quired that no more water be uſed than the lime can very 
11 quickly abſorb, ſo as to become immediately dry. It ſeems that 
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the diſengagement of heat from theſe two bodies during this 
rapid union changes their ſtate, and that ſlaked lime in its pul- 
WH yerulent form, contains water in a dry and folid ſtate. This 

1 | dry ſtate of water, which takes place in many combinations, at- 
tended with heat, and which produces ſolid compounds, whoſe 
ſpecific heat is leſs conſiderable than before, has not been enough 
1 attended to by chemiſts, or to ſpeak more properly, has been 
[; totally unobſerved till lately. When lime, in this experiment, 
1 has abſorbed as much water as it can combine with and remain 
1 | | dry, it is called dry ſlaked lime; it then no longer produces heat 
11 by the addition of water, but is diſſolved without any ſenſible 
motion. By mixing with this ſubſtance the quantity of water 
neceſſary to dilute it, milk of lime is produced; if the quantity 
of water be ll greater, the lime is perfectly diſſolved, and the 
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liquor becomes tranſparent. Mr. Kirwan affirms, that 680 parts 
of water are required to diſſolve one of lime, at the tempera- 
ture of 60 degrees. 

This ſolution, which is known by the name of lime · water, i is 
clear and limpid; its ſpeciſic gravity ſcarcely exceeds that of 
common water; its taſte is acrid and urinous; and it readily 


converts ſyrup of violets to a green, and even deſtroys the co- 


Jour. By evaporation in cloſed veſſels, very pure water is ob- 
wined, the quicklime remaining behind; but a red heat is ne- 
oeſſary to ſeparate the laſt portions of water, which are retained 
with great fotce : after this treatment, the lime becomes heated 
by the addition of ſmall quantities of water as before. | | 

Lime-water expoſed to the air becomes covered by a dry pel- 
licle, which gradually increaſes in thickneſs and ſolidity: if this 
pellicle be taken away, a ſecond is formed, and after that a 
third, and ſo forth, till the whole of the water is evaporated. 
Theſe pellicles have been improperly called cream of lime; it 
was formerly thought to be a peculiar ſalt formed by the union 
of the moſt ſubtle part of the calcarcous earth united to water; 
and much has been written concerning this pretended falt of 
lime. But it is now admitted, fince the experiments of the ce- 
lebrated Black, that the ſaline properties of cream of lime are 
leſe intenſe than thoſe of the lime itſelf; and that it is a pecu- 
lar neutral ſalt compoſed of lime, and an acid extracted out of 
the atmoſphere. Hence it is that the cream of lime cannot be 
formed without the contact of the air. We ſhall ſpeak of this 
alt under the name of carbonat of lime or chaik. The actions 
of oxygen and azote upon lime are not known; it ſeems that 
this baſe abſorbs and fixes a portion of azotic gas; or at leaſt it 
is probable that it contains the baſe of that ſubſtance. | 

Lime combines with ſiliceous earth in the humid, as well as 


in the dry way. When ſand is mixed with lime newly ſlaked, 


or with quicklime ſprinkled with a ſmall quantity of water at 
the time of mixing, theſe two bodies become conſiſtent, and 
form what is called mortar. .'The ſtate and quantity of the lime, 
s it is more or leſs perfectly calcined; its previous flaking, with 
greater or leſs quantity of water, or the flaking of it at the 
time of mixture; the nature of the ſand with regard to its mag- 
nitude, its angular or round figure, as well as its degree of 
moiſture, produce very conſiderable differences in the ſeveral 
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kinds of mortars. Clay baked in bricks, or puzzolana, which i; 
clay baked by volcanic fires, and altered by expoſure to air, ar: 
likewiſe added to lime in the making of mortar *. 

Though lime, as well as filiceous earth, be perfectly infuſible 
alone; yet if they be heated together, the proportion of the former 
being much the greateſt, they melt, as has been obſerved by Mefirs. 
D' Arcet and Gerhard. Lime likewiſe ſerves as a flux to one 
third of its weight of alumine : it appears to have a ſtronger af. 
finity with this earth than with ſilex, as Kirwan informs us. The 
mixture of theſe three ſubſtances melts {till more eaſily and com- 
pletely, than lime with either of them ſingly ; ſo that one part of 
lime, and one of alumine, will ſerve to fuſe two parts, or even 


two and a half of ſiliceous earth: this fact ſhows the cauſe why 


many hard ſtones giving fire with ſteel, and of a quartzoſe na- 


ture, melt when expoſed to a ſtrong heat ; the combination, or 


fimpie mixture of calcareous earth and clay, is the cauſe of their 
yitreicibllity, 
The mutual action of lime and barytes is not yet known. 
One part of calcareous earth enters into fuſion with half : 


part of magneſia : the glaſs, formed by this mixtnre, afterwarde 


diſſolves, and completely melts a quantity of filiceous earth, 
equal to the lime it contains; equal parts of ſiliceous earth, mage 
neſia and lime, melt therefore by heat into a perfect glaſs. 
The intimate nature of lime is not known. The early che- 
miſts, deſirous of explaining, by phyſical reaſoning, the pheno- 
mena exhibited by lime in its combinations, and more eſpecially 
in its extinction, referred its cauſe to the particles of fire fixed 
in the calcareous ſtone during its calcination. This was the theo- 
ry of Lemery. M. Meyer did not admit that pure fire was 
capable of combining in this manner, and therefore aſſerted, thai 
it exiſted in lime united with a peculiar acid : this ſubtle kind of 
ſulphur was the acidum pingue or the cauſticum of this chemilt ; 
but his doctrine, though occaſionally brought forward under dif- 
ferent names, has been overthrown by a ſeries of experiments, 
which have completely ſhown its falſity. Many modern chemiſts 
believe, that the matter of heat exiſts in a combined ſtate in lime, 
and that the light perceived by Meyer and Pelletier, with 
the ebullition, the evaporation of the water, and the peculiar 
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fatty ſmell during the extinction of the lime, are conſequences 
of its diſengagement. Theſe obſervations ſhow, that the prin- 
ciples and compoſition of lime are yet unknown, and that we 
cannot, with any certainty, decide whether it is the product of 
an attenuation, or peculiar preparation of the ſiliceous or alu- 
minous earths ; though that opinion appears probable to ſome of 
the greateſt naturaliſts. It ſeems indeed to be out of doubt,ithat 
it is formed by marine animals; that its conſtituent parts are u- 
nited and combined in the water during the life of theſe organic 
beings 3 and that azote 1s one of its conſtituent parts. But it 
muſt be confefled, that this ſketch is not yet ſufficient for the 
conviction of modern philoſophers, who do not form their opi- 
.nions decidedly, unleſs in W nnn of repeated and accurate 
experiments. | 

Lime is employed in a great number of arts, and eſpecially 
in building. In medicine, diluted lime-water is adminiſtered 
with ſucceſs; in the cure of ulcers, &c. it has been eſteemed as 
a powerful lithontriptic ; but repeated trials have ſhown, that it 
is not always attended with the deſired ſucceſs, and that its uſe, 
long continued, produces an alteration in the animal fluids of a 
{corbutic or ſceptic nature, 


CHAPTER III. 


— 


GENUS II. Alkaline Salts. 


We place alkalis before acids, becauſe they appear to be more 
ſimple, leſs eaſily decompoſed, and reſemble the ſalino-terreſtrial 
ſubſtances in their properties. They have an urinous, burning, 
and cauſtic taſte; turn the ſyrup of violets to a green a; give out 
heat on being united with water. They abſorb the water — 


in the atmoſphere as well as its carbonic acid, diſſolve earths, and 


have a ſtrong tendency to combination v. Three ſpecies of alkalis 
we known; potaſh, or vegetable fixed alkali ; ſoda, or mineral 
üxed alkali + and ammoniac, or the volatile alkali. . 

Species 4 Potaſh. | : 


The ſpecies of alkali which we denote by the name of potaſh, 


has been called vegetable fixed alkali, becauſe it is found in 


large quantities in the vegetable kingdom, though it is like wiſe 
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found in the mineral kingdom; it is uſually called alkali of ta. 
tar, becauſe it is obtained in great quantity from this ſubſtance, 
as ſhall be afterwards ſhown. Potaſh, in a ſtate of purity, was 
not known before the diſcoveries of Dr. Black. Formerly, to di. 
ſtinguiſh' this ſalt from the common fixed alkali, it was called 
cauſtic fixed alkali ?. | 

This ſalt, when pure, is dry, ſolid, and of a white . 
its taſte is ſo ſtrong, that it deſtroys the texture of the ſkin, and 
acts as a cautery. It inſtantly converts the colour of ſyrup of 
vivlets to a much deeper green than lime water produces in that 
ſubſtance, and this ow is quickly nts and en to a 
brown yellow. 

The action of light on the vegetable alkali is not known, 

Expoſed to heat in cloſed veſſels, it ſoon becomes ſoft, and 
melts at the commencement of ignition; if it be then poured 
out on a ſmooth ſtone, or metallic plate, it concretes into an 
opake brittle maſs. It is not decompoſable by heat, and becaue 
it is not volatilized, except in a very ſtrong heat, ſuch as that 
of a glaſs-houſe, it is called fixed. It diflolves a portion of the 
earthen veſſels in which it is heated. | 

Expoſed to the air, it ſtrongly attracts humidity, becoming 
liquid, and gradually aſſuming the ſtate of a neutral falt, by 
combining with the acid of the atmoſphere. This is the cauſ: 
of the augmentation of weight, and the property of eſferveſcing 
with acids, which it acquires by ſuch expoſure. To preſerve it 
in a ſtate of purity, it muſt _ kept in well cloſed veſſels en- 
tirely filled with it. 
Potaſn diſſolves in water with great facility, producing at 

the ſame time a high degree of heat, and exhaling a fetid liui- 
vious odour : its ſolution is colourleſs, and affords no precip! 
tate, when the ſalt is very pure. If it be deſired to ſeparate 
it from its ſolvent, the water muſt be evaporated to drynels, 
in cloſed veſſels; for if the operation be made in open vefiels, 
it attracts the acid contained in the air, and becomes efferreſ- 
cent. This abſorption is ſo rapid, that it is ſcarcely poſſible to 
leave the ſolution of this ſalt expoſed to the air, without its being 
partly neutralized : the ſame alteration takes place if it be kept ii 
a bottle, which it only fills in part, and which is often opened. 
The action of oxygen and of azote upon this alkali is not know! 

In pac dry way it combines with filiceous can and forms, by 
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ſuſion, the tranſparent body called glaſs. This body has dif- 
ferent properties, according to the relative quantities of ſand 
and ſixed alkali it contains. If two or three parts of ſalt be 
uſed to one of earth, a ſoft glaſs is produced, which attracts 
the humidity of the air, becomes opake, and at laſt fluid. This 
glaſs is ſoluble in water, by virtue of the ſuperabundant alkali 
it contains; and the folution is called liquor of flints : in pro- 
ceſs of time it depoſits a portion of the earth it contains, in white 
ſemi-tranſparent flakes, of a mucilaginous appearance, and fo 
light, that they ſubſide very flowly, Acids ſeize the alkali, and 
precipitate the earth, which is called earth of flints. In order 
that this precipitation may be well performed, the liquor of 
lints muſt not be too much diluted z for in this caſe the par- 
ticles of earth are in a ſtate of ſuch extreme diviſion, that they 
remain ſuſpended in the liquid, which muſt be evaporated be- 
fore any ſenſible ſubſidence can take place. Several chemiſts 
think that the earth of flints is not ſimilar to ſiliceous earth, 
and that it has been changed in conſequence of its union with 
Alkalis; they imagine that it reſembles aluminous earth, and is 
capable of uniting with acids, and forming aluminous falts : this 
was the opinion of Pott and Baumé; but Scheele has ſhown, 
that this ſoluble portion of the earth precipitated from the li- 
quor of flints, is obtained from the veſſel of alumine in which 
the ſiliceous earth and alkali are fuſed. 

The art of making glaſs is a proceſs entirely chemical, ſince 
this ſubſtance is merely a combination of fixed alkali with ſili- 
ceous earth : The purity of the two ſubſtances, their propor- 
tion, and their complete fuſion, by the application of heat ſuf- 
ictently ſtrong and long continued, are conditions indiſpenſably 
neceſſary for producing glaſs, which ſhall be hard, tranſparent, 
without bubbles, and unalterable in the air. We ſhall hereafter 
aye occaſion to take notice of different ſubſtances added to the 
and and alkali, to increaſe their fuſibility, and to produce glaſs 
of a due degree of weight, tranſparency, and other properties 
adapted to the uſe it is intended for. 

Potaſh does not act ſo ſtrongly on alumine as on ſiliceous 
arth ; but the difference has not been accurately aſcertained. 


This falt appears capable of combining with barytes, magneſia, 


and lime; but theſe combinations have not been much inquired 
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Though the potaſh has not yet been decompoſes, yet there are 
many facts, as ſhall afterwards be explained, which tend to ſho 
that it is not a ſimple ſubſtance. Stahl, who conſidered the fin. 


ple ſalts as products of the union of water and earth, imagined 


that fixed alkali differs from acids only in its containing the lat. 
ter or earthy principle more abundantly. From this conſidera- 
tion he explained its dryneſs, &c. It is probable that potaſh is 
compound of one of the three preceding earths with azote. Some 
analogies lead me to believe that it contains lime; but we do not 
poſſeſs a ſufficient number of facts to admit this compoſition as a | 


demonſtrative truth b. 


Potaſh is employed in ſurgery to corrode the ſkin, and to pro- 
auer inflammation and ſappuration | in certain caſes. 


Sberier IL Soda. 


Phe name of mineral fixed alkali is given to a ſaline ſubſtance, 
which poſſeſſes the ſame general characters as the foregoing, and 
is found in great quantities united with a peculiar acid alt, in the 
waters of the ſea, and in many ſprings. It is likewiſe obtained 
from vegetables, though much leſs frequently than the preced- 


ing. This ſalt has been called marine alkali, becauſe it is one of 


the component parts of marine or common ſalt; it is alſo called 


falt of ſoda, becauſe it is moſt frequently obtained from that 
plant *. We call it ſimply by the name of ſoda. The taſte of 
ſoda is equally ſtrong and cauſtic with that of potaſh ; it pro- 
duces a fimilar change in the colour of ſyrup of violet; and ei- 


jſts under a dry and ſolid form b. 


It melts at the commencement of ignition; a violent heat vo. 
Jatilizes it; it acts on almoſt every kind of veſſel in which it is 
heated. a | 

Expoſed to the air of the atmoſphere, it attracts the humid . 
pours, as well as the particular acid exiſting there, and gradually 
becomes neutralized. The action of the oxygenous principle, or 
vital air, on this ſalt, is not known. 

It diflolves in water, producing heat, and emitting a fetid lix- 
vial odour, Evaporation i in cloſed veſſels is the only method of 
recovering it in a ſtate of purity from its ſolution. This ſolution 
expoſed to the air abſorbs acid, and becomes quickly neutralized; 


ſo that to preſerve it pure, it muſt be preſerved in well goed 
veſſels entirely full, 


AMMONIAC; 


Soda combines readily with filiceous earths in the dry way, 
and forms glaſs. Glaſs-makers have obſerved that this ſalt pro- 
duces a more fuſible and ſolid glaſs than the vegetable alkali ; for 
which reaſon they prefer it in the manufacture of that commo. 
dity: So that what we have ſaid relative to this art under the ar- 
ticle potaſh, may be equally applied to ſoda. Laſtly, This alkali, 
lice the potaſh, combines with acids, and with a great! number oy 
bodies hereafter to be treated of. 

From theſe properties it may be obſerved, that the divine 

between the two fixed alkalis, in a ſtate of purity, is not very 
conſiderable, and that their reſpective properties can only be 
known with certainty from their combinations, When united 
with the ſame acid, they produce neutral ſalts exceedingly diffe- 
rent in all their properties; a circumſtance which ſeems the more 
ſingular, as it is abſolutely impoſhble to point out any difference 
between them in their pure and cauſtic ſtate. Bergman adds, as 
a diſtinguiſhing property of theſe two ſalts, that their affinity with 
acids is not the ſame, that of the potaſh being the ſtronger ; ſo 
that it is capable of decompoſing ſalts, whoſe baſe is ſoda. This 
ſubject will again come under examination, when we Yo of 
ſecondary, or neutral ſalts. | 

The intimate nature or compoſition of the ſoda ! is not more 
known than that of the potaſh. The ſame analogies lead me to 
believe, that this, like the foregoing, is a combination of an earth 
with azote; and that its charaCteriſtic properties depend on the 
difference of its earthy baſe. Perhaps this may be magneſia, as 
| have for ſeveral years hinted in my lectures, and as M. Lorgna 

has ſince attempted to prove; but the facts are not ſufficiently 
numerous, nor even exact enough, to place this opinion in the 
rank of demonſtrated truths. 

It is ufed in the making of glaſs, ſoap, and other compounds *. 


Species III. Ammoniac. 


We give the name of ammoniac to the ſalt known by the name 
or the volatile alkali. It is diſtinguiſhed from the two foregoing 
by its ſtrong and ſuffocating ſmell, and its ſingular volatility. 
Like the fixed alkalis, this ſalt was not known in its ſtate of pu- 
ity before the ingenious experiments of Black and Prieſtley : 


ins which was conſidered as ſuch, 1s a ſpecies of imperfect 


tral ſalt, in a ſolid and cryſtallize! form, poſſeſſing ſome of 
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the properties of volatile alkali, but really compoſed of two ſaline 
fubftances *: The character or property of efferveſcing with acids, 
which was formerly attributed to the volatile alkali, belongs only 
to this neutral ſalt, of which we ſhall afterwards treat 2. | 

The liquid known in chemical hboratories by the name of 
cauſtie, or flaor volatile alkali, and in pharmacy by that of volz- 
tile fpirit of fal ammoniae, is not pure ammoniac; it conſiſts of 
this alkali diſſolved in water. Dr. Prieſtley has ſhown, that, by 
the help of a gentle heat, this liquor may be made to give out a 
permanent gas; and that the water deprived of this gas loſes its 
alkaline properties. This aeriform fluid is ammoniac, and is 
known by the name of ammoniacal gas. Macquer has well ob- 
ſerved, that this body muſt be examined, in order to arrive at a 
knowledge of the properties of the volatile alkali. 

To obtain this elaſtic fluid, a certain quantity of the liquid 
ammoniac 1s put into a ſmall retort, or matrafs of glaſs. A re. 
eurved tube 1s adapted to this veſſel, and the extremity of the 
tube is plunged beneath the mercury of a pneumato-chemical ap- 
paratus; a veſſel of glaſs filled with the ſame metallic fluid being 
inverted over its orifice. The bottom of the retort or matraſs is 
then heated, by means of burning charcoal, or the flame of ſpirit 
of wine. The firſt portion of elaſtic fluid, conſiſting chiefly of 
the common air contained in the veſſel and tube, is ſuffered to 
eſcape ; and when the ebullition of the fluid is ſtrong, the gas is 
to be collected. The diſtillation muſt not be urged, ſo as to 
eauſe the water to paſs in the form of vapour; or a ſmall veſſel 
ſhould be affixed in the middle of the tube of communication, 
which, being kept cool, may ſerve to condenſe the aqueous va- 
pour, and cauſes the ammoniacal gas to paſs in a very pure and 
dry ſtate. 

The gas obtained by this proceſs reſembles air in its tranſpa- 
rency and elaſticity, as long as it is kept above the mercury. It 
is rather lighter than the air of the atmoſphere ; its ſmell is pe- 
netrating, and its taſte is acrid and cauſtic ; it readily and ſtrong- 
ly changes the blue colour of violets, mallows, and radiſnes, to a 
green; but the alteration produced is leſs than when pure alkalis 
are uſed ; it deſtroys animal life, and corrodes the ſkin, if expot- 
ed for ſome time to its action. | 

Though it is incapable of maintaining combuſtion, and extin- 
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zuilhes bodies which are already on fire, yet it increaſes the mag- 
nitude of the flame of a taper before extinction, producing a pale 
yellow colour round its edge, which proves that alkaline gas i 

partly inſtammable. 
It is abſorbed by porous bodies, fuch as charcoal, ſponge, &c. 
Prieftley has diſcovered, that the electrie ſpark paſſing through 
ammoniacal gas increaſes its volume to three times its former quan- 
tity, and changes it into hydrogen gas. The cauſe of this change 
is not yet well known. It appears only that the alkali is decom- 
d in this experiment, and that its two component parts, as 


we ſhall preſently obſerve, are ſeparated, and put into the ſtate 


of elaſtic fluidity. 

Ammoniacal gas is one of, _ dackie fluids which are the cools 
ſuſceptible of dilatation by heat. 

Atmoſpheric air does not combine with Mile gas, but only 
mixes with and dilutes it: The action of oxygenous gas on this 
gas has not yet been examined. 

Water quickly abforbs ammoniacal gas. If the water be frozen, 
it immediately becomes fluid, and produces cold; whereas, on 
the contrary, fluid water becomes heated by combination with 
this gas. Water ſaturated with gas, or liquid ammoniac, is known 
by the name of fluor and cauſtic volatile alkali, We ſhall here- 
after ſee that the ſtrongeſt and moſt pure volatile alkali is produ- 
ced by ſaturating diſtilled water with this gas. 

Ammoniacal gas has no ſenſible action on earths, or on the ſa- 
ino-terreſtrial ſubſtances. Its action on acids, and many neutral 
lalts, is very conſiderable, as will afterwards be ſeen. 

Liquid ammoniac has the ſame properties as the gas it holds 
in ſolution, but not in ſo eminent a degree, becauſe the gaſeous 


being much leſs ſtrong than the fluid aggregation, the tendency | 


to combine will, according to one of our laws of 3 be 
much more ſtrong in the gas than in the ammoniac. 

This falt has been conſidered as a combination of fixed alkali 
with a combuſtible ſubſtance. This conjecture was founded on 


the conſideration that ammoniac is produced in many circum- 


ltances by heating fixed alkali with inflammable matters; but it 
was not known whether the fixed alkali entered as a principle 
into the compoſition of the volatile alkali, or whether it did not 
afford a peculiar principle, which, by combining with a portion 
of combuſtible matter, produces that ſalt. Our knowledge re- 
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368 AMMONIAG. 
ſpecting the nature of volatile alkali is at preſent "EE more 
extended. The fine experiment of Dr. Prieſtley, who changed 
alkaline gas into inflammable gas by the electric ſpark, has cauſ- 
ed ſeveral chemiſts to ſuſpect that the latter is one of the prin. 
ciples of ammoniac. M. Berthollet, by a ſeries of experimental 
inquiries, has ſucceeded in proving that this ſalt is a compoſition 
of hydrogen and azote, retaining a certain quantity of caloric, 
He was led to this concluſion by the action of oxygenated my. 
riatic acid on the liquid ammoniac, by the decompoſition of am- 
moniacal nitrat in cloſed veſſels, and by the reduction of metallic 
oxyds effected by means of ammoniac. 'Theſe facts will be ex. 
hibited more at length in the hiſtory of the compound ſubſtances 
to which they relate. We ſhall confine our obſervation in this 
place to the facts, that when combinations of the oxyd of copper 
and of gold are heated with ammoniac, water and azotic pas are 
obtained, and the metals are reduced. In theſe operations the 
ammonyac is decompoſed, its hydrogen ſeizes the oxygen of the 
metallic oxyds with which it forms water; the metals remain 
pure, and the azote, the other principle of the ammoniac com- 
bining with the caloric, is diſengaged under the form of azo- 
tic gas. From theſe experiments, of which we ſhall, in the 
courſe of the preſent work, give a more ample account, M. Ber- 
thollet concludes, that ammoniac contains fix parts of azote, and 
one of hydrogen, with a certain quantity of caloric b. 
Ammoniac, diluted with water, is uſed in a great number of 
diſorders ; $86.36 aperient, and powerfully inciſive. It acts {trong- 
| ly on the ſkin; it is preſcribed as a remedy for the bite of viper, 
[ and for cutaneous and venereal diſorders, &c. 
| As this ſubſtance is acrid and cauſtic, it ought not to be uſed, 
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but with particular care. Externally applied, it is found exceed- 
ingly ſerviceable in diſcuſſing tumours, eſpecially ſuch as ate 
formed by coagulated milk, lymph, &c. It readily cures burns, 
and is often and ſucceſsfully employed in the cure of chilblains, 
&c. It has been conſtantly uſed under different names, as a ve- 
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| ry active ſtimulant in ſyncopes, apoplexies, &c. Its uſe, in the 
il latter caſe, ought to be in very moderate quantities; it is not 
1 if prudent to adminiſter it internally, without previous dilution in 
_ ; a conſiderable quantity of water. Dangerous excoriations havc 

been produced in the oeſophagus, and the membranes of the ſto- 95 

| mach, by the volatile alkali being given without this precaution. hs 
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2 A. KALIS lie hs red colour of fernambuc into violet; and the yellow of | 
exzcuma into brown. | | iy: Þ | ' 
d To theſe properties of alkalis may be added the —— | it! i h 
They have a ſtrong affinity for acids. ! 
They diſſolve animal fubſlances; and are, on that account, | rind cauſtic. | 
They unice readily with water. | 
They combine with oils and fats, and render them miſcible with water, | 1 
they diſolve ſulphur, and are cryitatlizable. | | 


2 Tux exiſtence of potaſh in the mineral kingdom has of late been proved . 
by accurate experiments. Klaproth, in the analyſis of the ſubſtance which he 1 
terms leucit, found that it formed about 1-Fth of that lone. In the lepidolite he T0 
obtained only 4-tooths. Vauquelin has ſince thown that potaſh is contained in a 
large proportien in the white Veſvvian garnet, and im the lava which ſerves as its | 
matrix. He found alſo a ſmall proportion of this ſubſtance in zeolite from the TH: Bf 
Ferro lands. Dr. K+ nnedy of Edinburgh has lately diicovered potaſh in an ana- li 
ys of the pumice-ſtone. Sce Beitrage, $werter band. ; Ajnul. de Chem. Tom. Will 
XXII. p. 127. et 274. | 

The vegetable alkali is procured by lixiviating the aſhes of burnt vegetables, 
and aſterwards evaporating the lixivium to dryneis in veſſels of cait iron. Ihe 
quantity of this ſubſtance obtained from different vegetables varies exceedingly. 
la general, plants yield more alkali than ſhrubs, and ſhrubs more than the folid 
- and denſer trees; the. folid trunks of trees leſs than their branches, and the 
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5 branches again ſtill leſs than their leaves. Plants at full maturity yield more als 1 
all than they do either before or after that period., The greater number of the 1 | 
pines and fits afford only a fmall quantity of vegetable alkali. 'Fhe natural order lat | 
, 0 cruciform plants alſo contain little, if any, of this ſalt. WA 
Þ = an economical point of view; it might be highly uſeful to poſſeſs tables of j [| 
e te comparative quantities of alkali which different vegetables afford by com- WIRE 
bution; but the ſtatements which are to be found in books differ ſo widely from 14198 
by due another, that doubts unavoidably ariſe with regard to the accuracy of the ex- 1419 3 8 
97 periments rom which they have been deduced. The following tables are the beſt 171 90 
e- wich have yet ſeen. The two firſt, by Mr. Mirwan, have been extracted chief- | 18 4 
ie from the reports of the overſcers of the ſaltpetre works in France. i 6 ] 
TLY 
0L TABLE .- The Quantity of Aſhes and of Saline Matter obtained from the i 45% 
in Combuſtion of 1000 lbs. of different Vegetables, perfectly Dry, and Burned in HS [ 
ve the Open Fire. 4 | | | lt | | 
Pounds of Ibs. Pounds of Salt, [ 5 | 0 
0 dtalks of Turkey wheat or 5 maize, 88,6 = 17, Ll! | l | t 
ls — of ſun-flower, * 7.2 - — 20 . bt | j j 
„„ A2 11 | 
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370 NOTES ON CHAPTER III. 
| Pounds of Aſbes. Pounds of Salt. 

Vine branches, . 3 34 3 5,6 

Box, - - - 29 - — 2,26 
Holly, : - - 28 - 2.85 
Elm, — . 235 = 5 3:9 

Oak, - - 13,5 - 1,5 
Aſpin, - - + a - 094 
Beech, — — S8 — 1,27 

Fir, gg 7 hy 34 85 5 O, 
Fern, in Auguſt, — 36,46 — 4,25 Home, 
Wormwoed, - — 97,44 — - 73 Wiegley, 
Fumitory, : 2 — 8 219 — 79 


TABLE II. — Of the Saline Product of 1090 Ibs. of the Aſhes of the following 
| | Vegetables. 
Aſbes From the Saline Products. 


Stalks of Turkey wheat or maize, 198 lbs. 
of turnſole or ſun- flower, 349 


Vine branches, - - 162,6 
Elm, £2 - 166 
Box, - - - 78 
Holly, = - 102 
Oak, — 111 
Aſpin, - - 61 
11 Beech, — i ĩ 
| 8 Fir, | # - 132 
| | | Fern cut in Auguſt, - — 116, or 125 according ts 
it Wormwood, - - 74 [Wildenheim, 
1 - Fumitory, - - 360 
1 FFlceath, - - 115 Wildenheim. 
is The following table is taken from a memoir by citizen Pertuis, inſerted in the 
igth volume of the Annales de Chemie. That, as well as the memoir which follow: 
it, contains much practical and uſeful informatien with regard to the fabrication 
. of potaſh. | 
1 | A quintal or hundred weight of the following ſubſtances afforded by com- 
8 buſtion, 8 i 
Afves. Saline Maiter, 7 
£0.06. I. 0. G. o | 
Oak, - 8 „ © 2 350 
Aſpin, - - 41 *< O T TI 45 
Yoke elm, - : 1 + +: 1 ( 
Beech, - =_ o 9 2 62 © 2 231 5 
Nettle, "WE - 10 10 6 o 2 8 0 33 | 
Thiſtle, 3 - 4s ©. 5 56 o 8 461 «, 
Fern, - n WWW 01 
Corn thiſtle (cherdon des grains), 16 8 0 o „ «x 
Broad-leaved flags, * 4 4 1 40 © 12 6 39 : 
Narrow-leaved ditto, - 2 15 4 0 o 6 5 32 « q 
1 I. ong water ruſh, - 3 13 5 24 o 11 4 46 9 
1 1 6 Ruſhes, - - 4 23 8 o 8 13 4 
1 
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_ & greater 8 of alkaline ſalt is ſaid to be obtained when the combuſtion 
's 's carried on ſlowly than when a briſk fire is employed, and more when the vege- 
tables are burnt in a moderately cloſe furnace than when they are made to under- 
go this proceſs in the open air. Vegetables which have been long expoſed to the 
action of air or to rain afford only a ſmail quantity of alkali. They are faid to 

afford alſo more when they are uſed in the green than in the dry ſtate. 

Wiegleb having burned in the opeu air a pound of ſmall pieces of beech wood, 
obtained 50 grains of aſhes, and 10 grains of falt. A pound of the ſame wood was 
boiled 48 hours, dried and burned; 37 grains of aſhes, and only 3 grains of ſalt, 
were obtained. But the circumſtances which influence the quantity of alkali 
obtained by the combuſtion of vegetables ſeem to be as yet but very imperfectly 
aſcertained. g 

The product ariſing from the lixiviation of the aſhes i is far from being a pure 
alkali. Beſides an admixture of earthy and extractive matter, it contains a va- 
riety of neutral ſalts, The greater part of the earthy matter may be eaſily ſepa. 
rated by frequent ſolution i in water; the extractive matter is diſſipated by expo- 
ng the ſalt for ſome time to the heat of a reverberatory furnace. By this pro- 
tels the ſalt called pearl aſh is prepared. The green or blue tinge which in this 
late it often exhibits, i is ſaid to be derived from manganeſe. A pound of Dantzic 
pearl aſh == 5760 grains, examined by Mr. Kirwan, was ſound to conſiſt of the 
ſellowing ingredients: 


Carbonic acid, . p 1290 

Moiſture, — — 414 

Sulphat of potaſh, 50S 

Muriat of potaſh with ſulphat of Grew” 36 

Earth, — — 8 = 
2283 8 

Pure alkali, = 5 3477 

5706 


_ Vafair traders ſometimes adulterate their aſhes by adding to them a quantity 
lime or of common ſalt. As this practice is highly prejudicial in the arts in 
which alkaline ſubſtances are employed, it becomes an obje of ſome conſequence 
o de able to detect this fraud, and to aſcertain, by a ſure and eaſy method, the 
proportion of pure alkali contained in any quantity of aſhes. Theſe objects have 
been ſo happily accompliſhed by Mr. Kirwan, that I cannot do better than uſe his 
own words. “ The preſence of quicklime is eaſily diſcovered by the addition of 
' aty mild ajkaline ſolution, and by the ſame means as eaſily ſeparated. The 
quantity of common falt may be found by the addition of a ſolution of ſilver in 
© Nitric acid to the ſalt to be tried. One hundred grains of common ſalt will pre- 
© cipitate 235 grains of the muriat of ſilver. 

Jo determine the proportion of pure alkali, or alkali combined only with 
© carbonic acid and ſulphur, 1/, Procure a quantity of alum, ſuppoſe one pound; 
reduce it to powder, waſh it with cold water, and then put it into a tea- pot; 
pour on it three or four times its weight of boiling water. 

2%, Weigh an ounce of the aſh or alkaline {ubſtance to be examined; pow- 

der it, and pnt it into a Florence flaſk with one pound of pure water, if the 

" ſubRance to be examined be of the nature of barilla or potaſh, or half a pound 

"Eater, if it contain but little eartky matter, as pearl aſh; let them boil for a 
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& quarter of an hour; when cool, let the ſolution be filtered inte another Mee 
« rence flaſk. | 
« 3dly, This being done, gradually pour the ſolution of alum hot into the alka. 
* line ſolution, alſo heated; a precipitation will immediately appear; ſhake them 
« well together, and let the efferveſcence, if any, ceaſe before more of the alumz. 
& nous ſolution be added. Continue the addition of the alum until the mixed li. 
& quor, when clear, turns ſyrup of violets, or paper tinged blue by radiſhes or by 
tc lettuces, red; then pour the liquor and precipitate on a paper filter; pour on 
** this a pound or more of hot water gradually till it paſſes taſteleſs; take vp the 


& filter, and let the earth dry in it until they ſeparate eaſily; then put the earth 


« into a cup of Staffordſhire ware, place it on hot ſand, and dry the earth until i 
& ceaſes to ſtick to glaſs or iron; then pound it, and reduce it to powder in the 
© cup with a glaſs peſtle, and keep it for a quarter of an hour in a heat of from 
« 400? to 500?, 

Atbly, The earth being thus dried, throw it into a Florence flaſk, and weigh it; 
& then put about one ounce of ſpirit of ſalt into another flaſk, and place this in the 
« ſame ſcale as the earth, and counterbalance both in the oppoſite fcale ; this be- 
« ing done, pour the ſpirit ef ſalt gradually into the flaſk that contains the earth; 
cc and when all efferveſcence is over (f there be any), blow into the flaſk, and 
« obſerve what weight muſt be added to the ſcale containing the flaſks to reſtore 
& the equilibrium ; ſubtract this weight from that of the earth, the remainder is 
ce a weight exactly proportioned to the weight of mere alkali of that particular ſpe- 
& cies which is contained in one ounce of the ſubſtance examined; all beſides is 
& ſuperfluous matter. 1 

« Alkalis of the fame ſpecies may be in this manner compared, but alkalis of 
& different ſpecies cannot, becauſe equal quantities of alkalis of different ſpecies 
<« precipitate unc qual quantities of earth of alum. Thus 100 parts by weight ef 
« mere vegetable alkali precipitate 79 of earth of alum, but 100 parts of mineral 
& alkali precipitate 170,8 parts of that earth; therefore the precipitation of 78 
« parts of earth of alum by vegetable alkali denotes as much of this as the prect- 
& pitation of 170,8 of that earth by the mineral alkali denotes of the mineral 4! 
« kali. Hence the quantities of alkali in all the different ſpecies of potaſhes, pearl 
& aſhes, weed or wood aſhes, may be immediately compared by the above teſt, a 
& they all contain the vegetable alkali; and the different kinds of kelp or kelps 
% manufactured in different places, and the different ſorts of barilla, may be thus 
& compared, becauſe they all contain the mineral alkali ; but kelps and potaſhes, 
« as they contain different ſorts of alkali, can only be compared together by meats 
te of the proportion above indicated.” See Triſs Tranſ, for 1790. 

2d, The vegetable alkali is procured by the combuſtion of the reſidue from ths 
lees of wine, either by itſelf, or in conjunction with the huſks of the grape. 1s 
this proceſs the incineration muſt be conduRed with a very gentle fire, otherwiic 
the earth naturally contained in theſe ſubſtauces will unite with the alkali, and 
form with it an imperfectly vitrified maſs. From 4000 ibs. of the huſks of the 
grape (mark de raiſin) the Marquis de Buillon obtained 500 Ibs. of aſhes, which, 
by ſolution in water, yielded 110 lbs. of alkali. The alkali obtained from theſe 
ſub tances is much purer than ordinary potaſh, and is known among the French 
by the name of cendres gravelees, See Journ. de Phy. Juillet 1786. 

zd, For pharmaceutical purpoſes, the vegetable alkali is uſually procured from 
the combuſtion of ſmall pieces of tartar rolled up in moiſt bibulous paper. This 
is an imperfect neutral ſalt, conſiſting of vegetable alkali united to an over Pre. 
portion of tartarous acid. The acid is dillipated by expoling tartar to the heat 215 
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moderate fire till it becomes of a white colour. It is then diſſolved in water, fil- 
tered, and evaporated to dryneſs in an earthen veſſel. When cool, it is put into 

als veſſels, from which the air is carefully excluded. This is done to prevent it 
from abſorbing the moiſture and carbonic acid of the atmoſphere, for which it has 
a very ſtrong attraction. In this ſtate it is ſold in the ſhops under the name of 
fait of tartar. 

The vegetable alkali, in whichever of theſe ways it may have been procured, 
contains always a greater or leſs admixtyre of other faline ſubſtances. It has 
therefore long been a de/ideratum with chemiſts to poſſeſs a method of Fa 
theſe ſubſtances, and of exhibiting this ſalt in a late of abſolute purity ; but the 
ſtrong tendency which the ve -cetable alkali. has to combination AE this ex- 
tremely difficult. One of the readieſt methods to obtain this alkali pure is to de- 

ayrate the nitrat of potaſh in a crucible with charcoal, This laſt ſubſtance is to 
be added gradually fo long as it continues to produce a vivid flame. In this pro- 
ceſs the nitric acid is decompoſed; its oxygen unites with the carbon to form care 
bonic acid, part of which is diſſipated by the heat, and part remains in combina- 
tion with the alkali. At the end of the procels it is 5 to raile the fire a 
little, ſo that the nitric acid may be completely decompoſed. 

But a more common method of purifying this ſalt is that which has long been 
employed by artiſts and chemiſts in preparing ca: day, or a ſolution of the pure 
alkali in water. It conſiſts in adding, in veſſels of earth or iron, a quantity of 
boiling water to a mixture of nearly equal parts of alkaline ſalt and of quicklime 
that. has been recently extinguiſhed, This mixture is covered carefully fo as to 
exclude the air, and, after cooling, is poured into a glaſs funnel, which has its 
throat ſhut up by a bit of linen rag. Water is occaſioually poured on this mix- 
ture till it paſſes taſteleſs through the filter. When properly prepared, it has no 
lour nor {mel}, and cfferveſces but very feebly, if at all, with ſulphuric acid. 

Some conſiderable improvements in this method have been lately ſuggeſted by 
Le Grange, To filtrate the mixture of alkaline ſalt and lime, he recommends ci- 
ferns of wood or of calcareous ſtone, the dimenſions of which may be varied ac- 
cording to the quantity of cauſtic alkali to be prepared. The mixture is to be 
kept conſtantly covered with water; and the veflcls in which the ley is ſecured 
are to be {lightly cloſed, in order to prevent a free circulation of air. To con- 
centrate the liquor, if required, iron pots may be uſed. When the concentration 
has arrived at a certain point, the ſulphat of potaſh, which requires for its ſolu- 

tion a large quantity of water, is ſeparated from the alkaline ley. To remove 
this, Le Grange propoſes to place a perforated i iron ladle at the bottom of the pot, 
in which this ſalt will be collected. But for a more particular account of theſe 
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eh Y. A {all portien of this alcohol is to be ſeparated by ſubjeRing the ſolution ts 1 
A a ij | Wh | 


het improvements, ſee Ann, de Chem, Tom. XXII. p. 127. 
ig Put the alkali obtained in this way, although highly cauſtic, and fit to be uſed 
riſe in the arts, and for moſt purpoſes in chemiſtry, is ſtill very impure. When for 
and any nice or accurate experiments alkali is wanted, Le Grange directs the alkali 
the to be prepared by the calcination of the acidulat, or, as it is uſually termed, the 
ch, ra of Tartar, and by employing the proceſs of purification by ſpirit of wine, 1 | 
hoſe bit recommended by Berthollet. 18 | 
eneh it had long been known that cauſtic alkali is ſoluble in alcohol; but we are in- | 61 
debted to Berthollet for the happy application which he made of this fact to ob- 1 | 
from tzin alkali entirely pure. from the ſubſtances with which it is uſually combined. N | 4 
This Eis proceſs is the following: To cauſtic ley evaporated to the conſiſtence of a F | ; j 
pro- fyrup, as much alcohol is to be added as ſhall be Tufficient to diſſolve it completes | i 1 
VAST! [1 
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diſtillation, When the retort has been allowed to cool, cryſtals of a more or lei 
regular form, mixed with a dark earthy ſubſtance, will be found at the bottom of 
the retort in a liquor of a yellowiſh colour, which ſwims above them like oil. 
Theſe cryſtals are generally formed of the carbondt, ſulphat, and muriat of pot- 
aſh ; the earthy ſubſtance of ca! careous earth, with the addition of a little ſilex or 
iron. The yellowiſh liquor is the ſolutlon of the pure alkali in alcohol. By ſub. 
jecting it again to a flight degree of diffillation, this liquor i is ſeparated into two 
portions, and remain ſo even after the ſtrongeſt agitation. Lime water produces 
no change in the ſuperior fluid. When evaporated, its colour becomes deeper; 

and if in this ſtate it be allowed to remain for ſome time at reſt, tranſparen it cry- 
ſtals are formed, which have a flight yellowiſh tinge. Theſe cryſtals ate pure al. 

kali, and produce cold in diſſolving i in water. The inferior portion of the liquor 

precipitates the ſolutions of barytes. Treated in the ſame manner with the for. 
mer, it alſo afforded cryſtals of alkali, but leſs regular and leſs pure. The alkali 
procured i in this way, though very pure, {till retains a portion of colouring mat. 
ter. But the nature of this fubſtance has not yet been ſufliciently ige. Ber. 
thollet conceives it to be reſinous. 

Another proceſs for obtaining fixed alkalis in cryſtals of the greateſt purity has 
lately been propoſed by Mr. Lowitz of Peterſburgh. The following account of 
it is copied from the 4th number of Mr. Nicholſon's very valuable Journal. 

A cauſtic lixivium of pota{h is evaporated to a thick pellicle. After the coo. 
te ing, the foreign ſalt which has cryſtallized is to be ſeparated, and the evapora- 
« tion of the lixivium continued: iron pot, as in the preparation of the Ii. 
& couflicus. During this ſecond o n the pelliele of foreign ſalts, particu- 
« larly of carbonat of potaſh, which continues to be formed, muſt be carefully ta. 


et ken off with an iron ſkimmer. When po more pellicle i is formed, and the met. 


te ter ceaſes to boil up, it is removed from the fire, and ſufered to cool, with con- 
< tinual agitation by an iron ſpatula. It is then to be diffolved in double the 

« quantity of cold water, the ſolution filtered, and evaporated in a glaſs retort, 

« till it begins to depoſit regular cryſtals. If the maſs ſhould confolidate ever ty 
« little by cooling, a ſmall quantity of water is to be added; and it muſt be heat- 
e ed again to render it fluid. After the ſormation of a ſufficient quantity of rc- 
« cular cryſtals, the fluid, which is very brown, is to he decanted ; and the fal, 

« after being ſuffered to drain, muſt be rediſſolved in the ſame quantity of water. 

© The decanted liquor muſt be kept in a well cloſed bottle, and ſuffered to be- 
come clear by ſubſidence for ſeveral days. It muſt then be decanted for a fe- 
« cond evaporation or cryſtallization, The proceſs muſt be repeated as long as 
« the cryſtals afford, with the leaſt poſſible quantity of water, ſolutions perfect 
te Iimpid. Theſe ſolutions are to be preſerved in well cloſed bottles, to defend 
e them from the acceſs of air. 

« The greateſt difficulty of this proceſs ariſes from the facility with which tlic 
lixivium aſſumes the ſolid form. To ebviate this inconvenience, a ſmall portion 
<« of the lixivium may be concentrated to the point at which it becomes convert- 
© ed into a folid maſs by cooling, The faturation of a lixiviam conſiderably en- 
porated may be aſcertained by throwing ſmall pieces of this maſs into it during 
its cooling. When theſe are no longer diſſolved, it is a _ that the lixiviun 
+ 1s at the required point. 

« This method of proceeding is abſolutely indiſpenſable in the cryſtallization of 
ſoda, which in other r-fpeQs is made in the ſame manner as that of potaſh. The 
alkali would not ail, without this IIA FH, to form a ſolid maſs during it 
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With regard to the foreign ſalts which are mixed with the potaſh, the great- 
« eſt portion ſeparates by cryſtallization after the firſt evaporation of the lixivium z 
« The reſt is ſeparated during the ſecond: concentration by the continual ſkim- 
« ming of the pellicle. The little which may remain with the potaſh' mult pre- 
« cipitate for want of water of ſolution in a lixivium wherein the alkali itſelf is 
no longer diſſolved but by its own water of cryitallization, The property of 
« cauſtic alkalis to diffolve in highly rectified alcohol, with the excluſion of every 
foreign ſalt, would afford an excellent means of obtaining this ſalt very pure, if 
+ their mutual action did not afford a new ſource of impurity ; for when an alkali 
*« abſolutely pure and cryſtallized is diſſolved in ſpirit of wine, even without heat, 
the fluid aſſumes a very brown colour, which becomes ſtill deeper after decan- 
« tation from the ſaline maſs. 

« The cryſtallization of potaſh is very different, accordingly as the l are 
formed with cold or heat. In the firſt caſe, the cryſtals obtained are octahe- 
® drons in groups which contain 0,43 water of cryſlallization, and excite by their 
« ſolution in water, even in the ſummer, a degree of cold very near the point of 
aqueous congelation. In the ſecond caſe, cryſtalline tranſparent very thin 
a blades of extraordinary magnitude are formed, which by an aflemblage of lines 
« in directions that croſs each other to infinity, preſent an aggregate of cells or 
« cavities, moſt commonly ſo perfectly cloſed, that the veſſel may be inverted 
„without the eſcape of the ſmalleſt drop of the lixivium, though ſometimes in- 
s cluded to the quantity of an ounce or two. For this reaſon, it is neceſlary to 
a break this fine cryſtallization, that the flujd may run off. The cryſtals preſent 
« in their regular formation rectangular tetragonal blades, which, as they contain 
„little water of cryſtallization, progcuce a conſiderable degree of heat when diſ- 
« ſolved in water. 

By expoling ſuch alkaline cryſtals to a red heat in a very chewy crucible they 
become fuſed, and, after cooling in proper moulds, afford a /apis cayficus as white 
* as ſnow, and extremely cauſtic and deliqueſcent. 

« As the cryſtals and the lixivium, during the length of time required tp drain 
* the ſalt, may frequently become charged with a portion of carbonic acid, it is 
* adviſable, in order to avoid this inconvenience as much as poſſible, that the lixi- 
* vium, as ſoon as it is brought to the requiſite point of ſaturation, ſhould be pour- 
ed into a narrow-necked bottle, and well cloſed therein, to cryſtallize. After 
* the cryſtals are formed, the bottle is to be reverſed without opening, and k-pt 
© at a temperature rather warm, until the cryſtals are well dried. During the 
winter, the liquor, after the firſt cryſtallization, continues to cryſtallize without 
being ſubmitted to a new evaporation, provided only that it be expoſed to 2 
© ten;perature ſomewhat colder than that in which the firlt cryſtals were formed. 

To this account M. Van Mons adds in a note, that cryſtais of cauſtic potaih 
* may alſo be obtained, by the ſucceſſive evaporation of a ſolution of the potaſh of 
* commerce until the appearance of a light pellicle. The fir{t cryitals whick ap- 
* pear are the alkaline carbonat, or mild alkali; and the latter the pure potaih. 
In this way the lixivium is reduced into very regular cryſtals to the very laſt 
* portions of ſalt which it contains. Half an ounce of the reſidue of a ſolution of 
* ſeveral pounds {till affords very regular cryſtals. It, is even remarkable that the 
* latter cryſtallizations are formed with infinitely more facility than the firit.” 
See Annal. de Chem. Tom. XXII. p. 26. 

b The nature of potaſh ſtill remains unknown. Only a few imperfect experi- 
ments have been made to decompoſe it. Analogy, however, would incline us to 
believe that it is a compound body. Vegetable phyſiologiſts are not agreed whe- 
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ther this alkali be derived from the ſoil in which plants grow, whether it exiſts 
uncombincd with any acid in plants, whether it be a product of vegetation, or 
whether it be not rather generated during the proceſs of combuſtion. Will plants 
yield alkali which have been nouriſhed in pure water? Can it be obtained by ma- 
cerating vegetables in water? Does charcoal contain any alkali ? Previous to the 
combuſtion of the plants, can any alkali be obtained by adding to them any of the 
acids to which the alkali has the ſtrongeſt affinity? Under the article Nitr 9 
Potaſb, or Common Nitre, we ſhall find reaſon to believe that this alkali is yearly 
reproduced in certain ſoils expoſed to the influence of the atmoſphere. | 


988 
het tea 


SPECIES II. [Page 364.) 


2 Tx15 ſubſtance, in combination with carbonic acid, exiſts in conſiderable quan: 
tity in various parts of the earth. In this ſtate it has been termed native mineral 
alkali. In ſome ſituations it is depoſited in beds under the ſurface of the earth, ag 
in China; in others, at the bottom of lakes, as in Hungary and Egypt. Eflloreſ- 
cent cryſtals of mineral alkali are often found on the inſide of the walls of houſes, 
in ſubterranean caverns, and on foils occaſionally overflowed by waters holting 
this falt in ſolution. The exiſtence of this ſubſtance in mineral ſprings has beca 
known for ſeveral years. Dr. Black found it uncombined, as he conceived, in 
water brought to him from the hot ſprings in Iceland; but Klaproth, in an ana- 
Iyfis which he has lately publiſhed, aſſerts that this mineral alkali is not free, but. 
exiſts in theſe waters in combination with carbonic acid. The ſame chemiſt found 
carbonat of ſoda in conſiderable quantity in the mineral waters of Carlſbad, Tlie 
fea and ſalt mines are, however, the g and reſervoirs in which this alkali united 
to the muriatic acid is contained. See Chaptal, Vol. I. p. 175.; Monro, Pbil. 
Tranſ. Vol. LXI. p. 567.; Lorgna, Fourn. de Phyſ. 1786 Fuillet. ; Wirgleb's Chemijiry, 
tranſlated by Hopſon, p. 139. ; Kirwan's Mineralogy, Vol. II. p. 5.; Black, Elin. Pli. 
Tranſ. Vol. III. Klaproth Beiträge, erſter band, 1. 322.; zweiter band, ſ. 99. 

The mineral alkali has been hitherto obtained chiefly' from the combuſtion of 
fea-plants, and of plants which grow in ſalt marſhes. The variety of plants em- 
ployed for this purpoſe is very conſiderable. In Spain this ſubſtance is procured 
from the different ſpecies of the /alſela /licornia and batis maritima, The era 
maritima is burnt in ſome places on the borders of the Baltic, as is the anabvjs 
aphylla on thoſe of the Caſpian. In this country we burn the various ſpecies of 
Fuci. Along with the ſulicerria they burn alſo the chenopodium maritimum in the 
Jouth of France. | 

It feems deſerving of notice, that ſome plants, which in their native ſoil yield 
only vegetable alkali, afford alſo the mineral when they happen to grow in tht 
neighbourhood of the fea, or in lands occaſionally waſhed with ſea water. Of this 
kind are the ale balimus and pertulacoides, the reaumuria vermiculats, the men 
bryanthemum nediflorum, copticum, gentliculiflorum, and cryſtallinum, the different ſpecies 
of the triglochin, the digſuicus ful num, &c. The afhes of the. tamarix gallica and 
germanica growing at a diſtance from the ſea are ſaid to contain ſulphat of ſoda 
with the vegetable alkali The ſame thing has been afſii med of the edu tele 
fhium and eryrigium campeſtre, See Bohmer Techniſche Geſchichte der Pflouzen, Enfer 
Theil, ſ. 697. h 

We have as yet but a very imperfect analyſis of the plants from which mineral 
alkali may be cxtracted. Chaptal has announced an analyſis of the ſolicaratey 
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which is to appear under the article Yerrerie of the Encyclopedie Metbodigue. Vau- 
quelin has given a ſhort but intereſting account of his experiments on the /alſole 
da, 

F ln digeſting this plant with diluted nitric acid, and expoſing the mixture to a 
fight degree of heat, he obtained 1. Carbonic acid. 2. Water, 3. Pruſſic acid. 
4. An oily matter ſimilar to wax. F. A white ſubſtance, which has all the cha- 
raters of an acid, though little ſoluble in water. And, 6. A citron yellow co- 
jour in the ſolution, which was increaſed by the addition of an alkali, 

An ounce of ſalſola afforded by diſtillation, 1, Water. 2. A yellow fluid ſuc- 
czeded by a red oil 3200 cubic inches of elaſtic fluids, of which 66 were carbonat- 
ed hydrogen gas, the remainder carbonic acid. The liquid product, as well as the 
gaſes, nad a fetid ſmell, gave a green tinge to the tincture of violets, and became 
white on bringing it into contact with oxygenated muriatic acid. Ihe liquor 
ſeemed to contain pyrolignite of ammoniac. From this analyſis it is evident the 
ſalſola contains much azote. 

A pound and a half of this plant afforded 5 combuſtion 3 ounces 2 gr. of 
aſhes. 500 grains lixiviated and evaporated to dryneſs, left a DP of 180 grains - 
This reſidue conſiſted of the muriat and carbonat of ſoda, in the proportion of 
113 parts of the muriat to 60 of the carbonat. The reſidue of the 500 grains 
which had not been diſſolved, contained ſulphurated hydrogen, carbonic acid, and 
91 grains of magneſia, with a ſmall portion of carbon, ſilex and iron. This plant 
is ſingular, in containing neither lime nor potaſh, See Journ. de Pby/. 1793. 
Novembre. | 

The mineral alkali obtained from different plants is more or leſs pure, accord- 
ing to the nature of the particular plant from which it has been prepared, and the 
pains taken in ats preparation, to preſerve it from foreign admixtaures, The kinds 
peſt known in commerce are barilla, ſoda and kelp ; yet even the barilla, which 
is reckoned the pureſt of theſe ſubſtances, contains a large proportion of adventi- 
nous matter, A pound of barilla examined by Mr. Kirwan, contained of 


| Grains, 
Carbonic acid, - — 960 
Charcoal, — | — 861,82 
Calcareous earth, 7 542,86 
Magneſia, - | — — x29 
Alumine, 0 = - 131,23 
Silex, = - -= 249,58 
Mineral alkali, pure, j 842 
Ditto, impure, - - 250 
Ditto, with common falt, - - 127 
Zulphat of ſoda, = — 125 
Muriat o ſoda, - - | 70 
Earth depoſited, - — — 20 
4306.9 
Water, ws — — 145 3,5 K 
Ys Total, 5760,00 


The aluminous teſt formerly mentioned, will give us pretty exactly the quan- 


biy of pure alkali, which any preparation of mineral alkali may contain. 48 
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grains of mineral alkali precipitate 725 of alumine. By this means Mr. Kos, 
was enabled to aſcertain, that 1c lbs. of cryſtallized ſoda, contain 20 Ibs. of mi. 
neral alkali, 


Sweet barilla, - | - 24 

Mealy's cunnamara kelp, 5 3,437 
Ditto deſulphurated by en acid, - 4,457 
Strangford kelp, - . I, 25 


The native mineral alkali found in Egypt and Barbary is ſaid to be about 56 * 
cent. ſtronger than common ſoda. Mr. Kirwan confiders the cryſtals of ſoda az 
a very fit ſtandard by which to try the ſtrength of the other kinds of mineral 
alkali, as the quantity of alkali in thefe cryſtals continues at all times very nearly 
the ſame. See 1riſh Tranſ. for 1790. ; 

b A ready way to diſtinguiſh the mineral from the vegetable alkali is to drop a 
ſmall quantity of the of acid ſugar into a ſolution of theſe ſubſtances in water, 
With the vegetable | this acid will form a very ſoluble ſalt; with the mineral one 
difficultly ſoluble. Kirwan's Mineralogy, Vol. II. p. 7. 
elt has for ſome time been a favourite object with chemical artiſts, to diſcover a 
cheap, eaſy, and expeditious method of procuring mineral alkali by the decompo- 
ſition of the muriat or ſulphat of ſoda. A diſcovery of this kind would indeed be 
highly beneficial to the arts. The alkali itfelf would not only be purer, but a 
larger quantity might be obtained, and that with far lefs expence and trouble. 
Various methods of extracting this alkali are now practiſed in different parts of 
Europe, but moſt of them are either carefully concealed, or, in conſequence of let- 
1 | ters patent, have become the property of private individuals. In the mean time, 
| 10 it may not be improper to take a ſhort review of the labours and conjectures of 
chemiſts, with regard to a ſubject ſo generally intereſting. 


5 . Du Hamel and Margraaf tried in vain to decompoſe the muriat of ſoda with in- 
1 is fammable ſubſtances. They ſucceeded better, however, with the ſulphat of that 
1 alkali. 

We | The firſt of theſe chemiſts mixed ſulphat of ſoda with powder of charcoal, and 


"1127 . | expoſed the mixture to the action of a ſtrong fire. The ſulphuric acid was in 
part decompoſed, and the mixture reduced to the ſtate of a ſulphure or hepar, Du 
Hamel added acetous acid to this ſulphure, which diſengaged the ſulphur in com- 
bining with the alkali, acetit of ſoda was now formed. The acid of this ſalt was 
afterwards diſſipated by the fire, and free mineral alkali found as the reſidue. But 
the alkali prepared in this way is not only very expenſive, but alſo impure, as i. 
contains more or leſs ſulphur, and undecompoſed ſulphat of ſoda. See Mem. i: 
P Acad. des Sciehces de Paris, 1736, p. 299. 

Margraaf decompoſed the muriat of ſoda by a ſingle affinity. In diſtilling it with 
nitrous acid, nitrat of ſoda was formed. This ſalt was afterwards deflagrated 
with powder of charcoal. By lixiviating the reſidue, he obtained cryſtalized mi- 

neral alkali. He employed a double affinity to produce this effect, in adding a ſo- 
lution of ſulphat of ſoda to a ſolution of lime in the nitric acid. The acids ex- 
changing mutually their baſes, the ſulphuric forms with the lime an inſoluble fal. 
The ſolution containing the nitrat of ſoda, was filtered and allowed to cryſtalize, 
and the ſalt obtained in this way deflagrated with charcoal. Theſe proceſſes ar 
obviouſly both troubleſome and expenſive, See Margrasf Obiſcuies Chemique, 
Tom. II. p. 331. ; 

Hagen and Bergman diſcovered that the mineral has a lefs attraction for acids 
than the vegetable alkali, The addition of the latter, therefore, to the acid com. 
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nations with the former, afford a ready way of obtaining pure mineral alkali, 
See Hagens Abhandlungen Chemychen Inhalte, f, 136. Bergman. Opaſe. Vol. III. de At- 
oftione Electrica, & 12. 

Crell decompoſed ſulphat of ſoda, by adding to it a ſolution of acetit of lime. 
The acetit of ſoda was after watds expoſed to a fire ſufficiently ſtrong to diſfipate 
the acid. See Chemiſches Journal, Th. 1. 1. 94. | 

Delius reduced by fire ſulphat of ſoda with charcoal to the ſtate of a ſulphure, 
ſeparated the ſulphur by the addition of the nitric acid, and afterwards deffagra- 
ted the nitrat of ſoda with a freſh quantity of charcoal. See Amanach ſur Apotbecher, 

1781. ſ. 129. 

* propoſed to decompoſe the muriat of ſoda by the oxyd of lead. Gottling, 
Achard, and Remmler were at great pains to prove that the proceſs of this excel- 
ent chemiſt was impracticable; or, if practicable, too expenſive to be put into exe- 
cution. See Weſtrumb. Nleine Abbanlungen, 1785, f. 139. | 

Weſtrumb expoſed to the action of a ſtrong tire mixtures of one part of muriat 
of ſoda with from one to ſix parts of charcoal. "Theſe mixtures were ſtirred care- 
fully, till the charcoal was wholly conſumed. By lixiviating the reſidue, mineral 
alkali was obtained in a proportion always correſponding to the quantity of char- 
coal employed with this alkali. The reſidue alſo contained muriat of potaſh, ſul- 
phat of potaſh, and undecompoſed muriat of ſoda. The decompoſition of the mu- 
riat of ſoda in theſe experiments, is to be attributed ſolely to the vegetable alkali 
which is formed during the combuſtion of the charcoal; for in no inſtance did 
the quantity of mineral alkali exceed what muſt have been diſengaged by the ve- 
getable ariſing from the quantity of charcoal conſumed, 

No mineral alkali could be procured by boiling a ſolution of muriat of ſoda with 
quicklime, 

Weſtrumb mixed from 48 to ſour parts of unſlaked lime with one part of 
muriat of ſoda, and formed the whole into a thick maſs with water. This maſs 
was carefully kneaded and divided into pieces of about two inches in thickneſs, 
fix in breadth, and twelve in length. Theſe were placed in a ſtill ſituation where 
the air was ſeldom renewed. After ſome time ſmall plumoſe eifloreſcent cryſtals 
were to be ſeen on the ſurface of theſe little maſſes, which, by ſolution and cryſta- 
lization afforded carbonat of ſoda, This proceſs, however, is not only tedious and 
unprofitable, but to carry it on to any extent would require an immenſe range of 
buildings, 

The gradual decompoſition of the muriat of . ſoda by lime, in this proceſs, is 
one of thoſe anomalous facts in chemiſtry which it is difficult to explain. It forms 
m apparent deviation from the laws of chemical affinity, for the muriat of lime 
is decompoſed by the mineral alkali, either in its mild or cauſtic ſtate. This experi- 


- ent is the more valuable, as it enables us to account for the preſence of mineral 


* 


alkali in many of thoſe fituatious in which it is now known to exiſt. 

The addition of {iliceous ſand to the mixture of muriat of ſoda and lime, ſeem- 
ed to accelerate the formation of the mineral alkali. 

Mr. Kirwan had propoſed to decompoſe muriat of ſoda, by adding to it acetit 
of lead. The ſolution of lead is to be added, while hot, to a ſolution of the mu- 
nat of ſoda; till it ceaſes to produce any farther precipitation. By evaporating 
the ſupernatant liquor, cryſtals of acetat of ſoda are obtained. From this the 
«tous acid is expelled by calcining to whiteneſs, Weſtrumb repeated this pro- 
"*{s, but found it much more expenſive and troubleſome than to decompoſe mu- 
at of ſoda directly by the vegetable alkali. 

This chemiſt boiled ſulphat of ſoda in a ſolution of lime. A flight decowpoſi- 
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tion took place, but the quantity of alkali diſengaged in this experiment, was tos 


' mall to promiſe any economical advantage. 


Sulphat of ſoda, formed into a thick paſte with lime, and expoſed in a ſtill place 
t the action of air, is alſo gradually decompoſed. The quantity of alkali, how. 
ever diſengaged, did not ſeem to be greater than is obtained from muriat of ſoda 
treated in the fame manner. | 

In the new method of bleaching, ſulphuric acid is added to muriat of ſoda 
and manganeſe, in order o procure oxygenated muriatic acid. Sulphat of joda is 
formed. This ſalt is generally thrown away as uſeleſs; but Berthollet, the origi- 
nal diſcoverer of the proceſs, ſays, that he was in poſſeſſion of ſeveral ways of de. 


compoſing it, and of obtaining its alkali in a free ſtate, Theſe proceſſes he was 


not at liberty to explain, as they had been communicated to hun in conſid-nce 
by the individuals to whom they belonged. Weſtrumb, in conducting a lige 
bleachfield, tried for ſeveral years to decompole the ſalt, but afterwards aban- 
dened the proceſs, as being extremely difficult as well as expenſive, The li- 
quor remaining aſter bleaching, in addition to the ſulphat of ſoda, contains diſ- 
engaged muriatic acid, uncombined ſulphuric acid, and a conſiderable quan: ity of 
the muriat and ſulphat of manganeſe. The muriatic acid was ſeparated by heat, 
und the muriat and ſulpliat ot manganeſe decompoſed by the addit on of mineral 
alkali, The whole of the ſulphat of ſoda thus produced, was calcined with about 
three parts of powder of charcoal. The calcined maſs was diſſolved in water, 
filtered, and the ſolution expoſed for ſeveral weeks to the atmoſphere, during 
which the ſulphur remaining in the ſolution was gradually ſeparated. I he ſolu- 
tion was again filtered, evaporated, and allowed to form into cryſtals of carbonat 
of ſoda, In this proceſs, Weſtrumb obſerved, that the ſulphuric acid is almoſt 
wholly decompoſed, and changed into ſulphur, part of which 1s ſublimed by cal. 
cination, part diſhpated in the form of hepatic gas, during the ſolution of the cal. 
eined maſs, and part diſengaged during the expoſure to the air by the action 
of the carbonic acid. This proceſs was firſt recommended by Gren. It is re- 
markable, that during expoſure the ſulphure of ſoda was not changed, as has 
been alledged, into a ſulphat by the abſorption of oxygen gas. Weſtrumb aſſerts, 
in oppoſition to Berthollet, that little or no ſulphat was formed even aſter an ex- 


poſure of ſix months. The alkali prepared in this manner has the ſmell of burnt 


horn. It retains this ſmell after long expoſure to the air, and aſter repeated ſolu- 
tions and cryſtallizations. It is diſſipated, however, by calcining it in the fire, 

Weſtrumb decompoſed the ſulphat of ſoda with the acetat of lead, in the man- 
ner of Mr. Kirwan. Ihe decompoſition is perfect, but the expence of the pro- 
ceſs is too great for the manufacturer. | | 

After much experience, Weſtrumb aſſerts, that the eaſieſt, moſt expeditious, and 
cheapeſt method of obtaining mineral alkali, is to decompoſe the muriat and ſul: 
phat of ſoda directly, and without an intermedium, by potaſh. | 

He directs 20 lbs. of muriat of ſoda to be diſſolved in 60 lbs. of water, and to 
this ſolution 25 lbs. of pure dry potaſh are to be added. This ſolution is to by 
evaporated till tae firſt ſaline pellicle which forms on its ſurface falls to thc bot- 


tom, and a new one is formed in its place. It is then to be taken from the fire, 


and kept in a temperature of from 55? to 609 of Fahrenheit. During the cooling, 
muriat of potaſh ſeparates in great quantity. The liquor is now to be ſtrained 
through a piece of flannel cloth, and after cooling for an hour or two, a freſh por. 
tion of muriat of potaſh, mixed with ſome mineral alkali, will be ſeparated. if 
the ſolution be now poured into another veſſel, and expoſed in a cool place, pute 


mineral alkali will be formed in great quantity, The ſalts remaining on the 
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training cloth are the ſulphat and muriat of potaſn. Theſe are to be waſhed 
with warm water. and the water carefully preſerved. It, together with the mo- 
ther water remaining after the ſeparation of the mineral alkali, is to be again ſub- 
jected to the proceſs of evaporation. Every thing is now to be conducted as be- 
fore, By this treatment, about 25 or 26 lbs. of mineral alkali will be obtained, 
which ſtilk contains a ſmall portion of muriat of potaſn. The whole of this pro- 
ceſs takes up only ſix or ſeven days. To purify the alkali completely, it is to be 
diſſolved in boiling water, and evaporated till a thick pellicle forms on the ſur- 
face of the ſolution, it is then to be expoſed to the cold. The muriat of potaſh 
will be firſt ſeparated, and afterwards the mineral alkali, in large beautiful cry- 
fals, eaſily diſtinguiſhable by their form. By repeating the evaporation of the li- 
quor remaining after cryſtallization, the whole of the mineral alkali may be ſe- 


parated from the muriat of potaſh, with which it is mixed. By this laſt proceſs 


about 20 lbs. of pure mineral alkali, in large tranſparent cryſtals, with one and a 
half of a leſs pure kind were procured. : 

If the alkali be required in a very pure ſtate, theſe cryſtals may be again diſ- 
ſolved in diſtilled water, and the proceſs of evaporation and cryſtallization again 
repeated, 

Weſtrumb prefers the muriat to the ſulphat of ſoda in this proceſs, not only be- 
cauſe it is cheaper, but alſo becauſe it contains more mineral alkali. The ſepara- 
tion of the alkali from the ſulphat, is, however, more eaſily effected; for the 
ſulphat of potaſh, which is produced in this proceſs, forms a ſalt but little ſoluble 
in water. See Chemiſibe Abhandlung n, 1. 165. 1793. 58 

A very intereſting report on this jubject is to be found in the 19th volume of 


the Annales de Chemie. It has been drawn up by Lelievre, Pelletier, Darcet, and 


Giroud, partly from memoirs communicated to them from different parts of 
France, and partly from experiments and proceſſes which they themſelves had 
inſtituted. 

The firſt proceſs deſcribed in the report, is that of Citizen Leblanc. It conſiſts 
in decompoſing muriat of ſoda, by means of ſulphuric acid. In a wide and ſhallow 
leaden veſſel, placed in a reverberatory furnace, and heated, ſo as that the hand 
cannot be applied to it, 276 lbs. of ſulphuric acid are to be added to 200 lbs. of 
muriat of ſoda, which had been previouſly reduced to a fine powder. This mix- 
ture 15 to be ſtirred occaſionally with a wooden rake. When the humidity is all 
nearly diſſipated, and the matter begins to harden, then he fire may be allowed 
to burn out, The furnaces, in which this proceſs is performed, are conſtructed ſs 
that the muriatie acid may be diſſipated or collected at pleaſure. In collecting 
this acid, it may be ſimply united to water, or combined with the volatile alkali 
ariſing from the combuſtion of animal ſubſtances. In this firſt operation, the de- 
compoſition of the muriat is not complete. The dry matter is therefore to be put 
into a reverberatory furnace of brick and ſubjected to a heat ſufficient to fuſe it. 

7000 Ibs. of the ſulphat of ſoda thus prepared, 1000 of chalk well waſhed, and 
550 of charcoal all in powder, are to be mixed together. About 400 Ibs. of this 
mixture are to be introduced at each time into a brick reverberatory furnace. It is 
neccllary to break, from time to time, the cruſt that is formed When it has been 
reduced by the fire to the ſtate of a ſoft pultaceous maſs, bubbles of ſulphurated 
hydrogen gas are diſengaged, which burn with great vivacity on coming into con- 
tack with the air. At this period, the maſs is to be ſtirred briſkly to conſume all 
the ſulphur which is formed, and to facilitate as much as poſſible the dilengage= 
ment ot che hydrogen gas. When this matter in cooling exhibits a fine grain, it is 
judged to be time to withdraw it from the ſurface, Alter cooling, it is broken 
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into pieces of different ſizes, and carried to a damp place, where it abſorks mol⸗ 


ure and carbonic acid from the atmoſphere. 


100 lbs. of this matter, diſſolved in water, evaporated, and allowed to cryſtallize, 


. afforded 37 lbs. 8 ounces of cryitalized ſoda, The water in which it had been 


diſſolved, when evaporated to dryneſs, 23 Ibs. 2 ounces of ſoda, in part cauſtic, and 
in part aerated with a reſidue of 73 lbs. 7 OUNCES. 100 Ibs. of the reſidue conſiſted ot 

Carbon 1 lib. & ounces. 

Sulphur 12. 

Chalk 86. 

100 lbs. of this ſoda in a ery and pulveruleut form, examined by the reporters, 
was found to contain, 

Soda dry, and for the greater part cauſtic, 72 Ibs. 3 eunces, 


Muriat of ſoda, - 10 

Sulphure of lime, charcoal, and iron, 75 10 

Water, — — | 9 11 

A ſecond proceſs is that af Citizen Alban. The materials he 1 are in the 
following preportions : N 

Sulphat of ſoda calcined, - 200 lbs. 

Powder of charcoal, - — 40 

Pieces of white iran, br iron plate, | - 65 lbs. 


Charcoal, in the tate of braj/e, or burning charcoal, 22 
The ſulphat of ſoda, and powder of charcoal, are firſt introduced into a rever- 


beratory furnace. When this mixture is properly fuſed, 40 lbs. of the iron are to 


be added. The- maſs is to be ſtirred from time to time, care being taken in the 
intervals to keep the door of the furnace cloſely ſhut. The matter which at firſt 
became liquid, now aſſumes A thicker conſiſtence, ſwells and bubbles up, 16 Ibs. of 
the braiſe of charcoal are now to be added, and the mixture well ſtirred. Jets of 
hydrogen gas, as in the former proceſs, are diſengaged, The remaining 25 lbs. of 


iron, and 6 lbs. of braiſe, are to be added as ſoon as the iron firſt uſed ſeems to be 


completely melted, and the fire continued till the whole maſs enters into cemplete 
fuſion. The melted matter is then to be allowed to run off. The weight of the 
whole maſs, on coming out of the furnace, is nearly.21 5 lbs.; ſo that there has 


been a loſs in all of 134 Ibs. The proceſs takes up about three hours, 5 Ibs. of 


this crude ſoda, expoſed to the atmoſphere for 20 days, aſſumed a pulyerulent form, 


and abſorbed 3 lbs. of water and carbonic acid. 100 lbs. bf this ſoda lixiviated, 
and afterwards cryſtalized by evaporation, afforded 71 Ibs. 4 ounces of cryſtalized 
ſoda, 22 lbs. in a dry and powdery ſtate, containing a little iron and charcoa! 
The reſidue, weighing 86 Ibs. 6 ounces, conſiſted of a ſulphure of iron united to; 


little charcoally matter. This proceſs, the reporters obſerve, is nearly the fame 


with that propoſed by Malherb, a Benedictine monk, and of which Macquer 
gave fo favourable an account in the year 1778. 

Take,“ ſays Malherb, whatever quantity you pleaſe of ſulphat of ſoda, and 
* add to it I-Ioth of its weight of charcoal, and 1-3d of iron, or the ruſt of iron; 
*« fuſe the whole. This fuſed matter hardens by cooling, but will ſoon fall ts 
« pieces in the air. The ſolution of this matter in water has a ſlightly greeniſh 
« colour, either from a ſmall portion of iron, or of chorcoal. Evaporate the 
4% lixivium, and calcine the reſidue, you will obtain true mineral alkali.” 

Malherb and his aſſociate Athenas have deſcribed another mode of obtaining this | 


. ſalt. It conſiſts in adding 10 lbs. of calcined muriat of ſoda to 14 lbs. of {light!y 


calcined ſulphat of iron. The mixture is to be expoſed to the action of fire in 
reverberatory furnace, till the muriatic acid is completely expelled, The charce! 


, 
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{8 then to be added, and the whole maſs made to enter into fuſion. After cooling, 
this maſs requires to be repeatedly lixiviated with water, in order to diſſolve all 
the alkali. The ferruginous reſidue affords by calcination a red brown pigment, 
which will in part defray the expence of the proceſs. The reporters, in repcating 
this proceſs, found that nearly 8-100ths of the muriat of ſoda remains undecompoſed. 

Athenas ſucceeded alſo in decompoſing muriat of ſoda by copper and zinc; but 
the expence of theſe metals is ſuch as to preclude entirely their uſe. 

Chaptal and Berard have eſtabliſhed a work at Montpellier for decompoſing 
the muriat of ſoda by lead, They deſcribe their proceſs in the following manner : 

Take 400 lbs. of litharge, well fifted, and diftribute it equally in four large 
earthen glazed veſſels; then diſſolve 100 lbs. of muriat of ſoda in 400 Ibs. of water. 
Pour into each of the earthen veſſels x-4th of the ſaline ſolution, fo as to form a 
paſte of a ſoft conſiſtetice. The whole is to be left at reſt for ſome hours; but 
when the ſurface begins to whiten, it is neceſſary to ſtir it well with a wooden 
ſpatula. Unleſs this he done, the paſte will acquire too great a degree of * 
and a part of the ſalt left undecompoſed. 

t is neceſſary alſo to ſtir this paſte as it becomes thicker, and to dilute it with 
freſh quantities of the ſolution, ſo as to keep it at nearly the ſame degree of con- 
fitence. If the ſolution be not ſufficient for this purpoſe, recourſe may be had to 
common water. 

The decompoſition in this way is uſually <a within 24 hours, and the 
reſult is a very white homogeneous paſte, without clots, and of a volume larger 
than that of the litharge originally employed. It may be proper, however, to 
allow this paſte to remain 24 hours longer in the veſſels, and to ſtir it nn 
in order to produce a more perfect decompoſition. 

In this ſtate the ſoda is cauſtic, and imbibes the muriat of lead. The ſoda may 
be ſeparated by waſhing this ſalt. For this purpoſe, dilute the paſte with a ſuffi. 
cient quantity of boiling water, and ſtir the mixture conſtantly in adding it ; for 
without this precaution the paſte will clot, and the lixiviation become extremely 
difficult. Decant off the liquor, holding the ſoda in ſolution, and filter the re- 
mainder through a piece of cloth. 

Soda, in a dry form, will be obtained, by evaporating the liquor in iron veſſels. 
By this proceſs, 65 lbs. of ſoda are procured, much purer than the beſt kinds to be 
met with in the ſhops, though ſtill mixed with a certain quantity of the muriat of 
lead, and ſometimes with a little of the muriat of ſoda. This ſoda, which is at 


firſt very cauſtic, abſarbs carbonic acid from the atmoſphere. The muriat of lead, 


obtained in this proceſs, may ſerve inſtead of ordinary white lead. 

Citizen Carny has propoſed in this proceſs to uſe the red oxyd of lead. 50 lbs. 
of this oxyd are to be added to 40 lbs. of muriat of ſoda. The mixture is to he 
put into an iron veſſel placed over a ſurnace, and kept ſtirring, while the ſalt de- 
crepitates. When the decrepitation has ceaſed, a little water is to be poured on 


the maſs, and the ſtirring continued till the oxyd becomes white, and till the water 


riſes about an inch above the maſs of materials. The heat is then to be diſconti- 
nued, and the mixture put, with about roo lbs. of warm water, into a leaden veſ- 
ſel. In this it is to be ſtirred anew, and afterwards allowed to depoſite for ſome 
minutes, We are then to pour off the clear liquor, and evaporate it in a ſecond 
veſſel of lead. After this, it is paſſed into a third veſſel, which is to be kept co- 
vered for three or four days with a piece of woollen cloth. During this time, the 
muriat of ſoda, which had not been decompoſed, forms into cryſtals ; but as it 
ſtill remains as well as the oxyd of lead with the free ſoda in the liquor, we evapo- 
Fate this almoſt to dryneſs, and obtain a cauſtic ſoda, holding a little oxyd of lead 
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in ſolution, This oxyd may be ſeparated, by leaving the liquor for ſome time er. 
poſed to the air. The carbonic acid uniting with it, precipitates the lead in 
white cryſtalline ſtate, We may be certain that the alkali contains no more lead 
when we are unable to precipitate it by an acid. 
I be reſidue after this proceſs contains, 1. Muriat of lead. 2. Muriat of ſoda, 
3. A white and uncombined oxyd. 4. Plumbat of ſoda; and, 5. Carbonat of fod:, 
By repeated ablutions, theſe ſalts may all be ſeparated, ſo as to leave only the 
white oxyd and the muriat of lead. The muriat is eaſily reduced by oil, or it may 
be converted into a beautiful yellow pigment, by fuſing it by itſelf in the fire, 
Ribancourt directs a mixture to be made of equal parts of muriat of ſoda and 
litharge ; 100 lbs. ſay of each. The litharge having been reduced to the fate of 
a powder, 4 lbs. of the mixture are to be grounded with 3 lbs. of water. The li- 
tharge gradually loſes its colour, and becomes white. At firſt this matter abs 
ſorbs only a little of the water; but, in continuing to grind, it acquires a degree 
ef conſiſtence, which renders it neceſſary to add the water ſucceſlively in ſmall 
Portions. _ When at laſt it becomes a pultaceous maſs, it is to be put into jars, 


where it is allowed to remain for 24 hours. During this time, it is to be ſtirred 1 
eccafionally, and will at laſt acquire a fine white colour. | er 
If we now ſubject this mixture to preſſure, we ſhall obtain 120 lbs. of a ley, 
21% in ſlrength. We add to the maſs 120 lbs. of freſh water; ſtir it well, and far 
ſubject it again to preſſure. By this means, we obtain a lixivium of 14 a third | 
quantity of water will afford a ley of 4%. Theſe liquors are to be mixed and eva- fer 
porated. During this operation, a pellicle is to be ſucceſſively formed at the ſur. the 
face, which is to be removed by a ſkimmer. When the evaporation is finiſhed, pra 
the matter is to be left 24 hours to dry. This ſalt does not reſ-mble ſoda in the eve 
form of its cryſtals. It is partly aerated, and partly cauſtic, and contains ſome lull 
muriat of ſoda, On being expoſed to the air, it effloreſces, and becomes white, A 
Ribancourt ſubjects it to a ſtrong heat in an earthen pot, and diſſolves it in water, ming 
By cryſtallization, perfectly pure ſoda is obtained. The muriat of ſoda whick is mear 
ſeparated, weighed 16 lbs. 12 ounces, or nearly 1-Fth of the whole. with 
Ribancourt has propoſed a method of obtaining mineral alkali in decompoſing allo f 
the ſulphat of ſoda by charcoal alone. cels ; 
Take, fays he, 100 Ibs. of ſulphat of ſoda, reduce it to a powder, and mix it with revarc 
25 lbs. of fine powder of charcoal. This mixture is to be introduced into a ſur- tonal 
nace, and a briſk fire kept up till the matter begins to melt. The heat is then to 
be diminiſhed, and the matter well ſtirred. When it melts into a ſoft paſte, we 
give to it a ſudden heat, juſt ſufficient to induce fluidity. The operation is then 
finiſhed. The matter is taken out when cold, and carried to the place where it 
to be lixiviated. This operation takes up about four hours. Much depends w on 1 45 
knowing the time when it is proper to withdraw it from the fire; for if it be polo 
withdrawn too ſoon, the ſulphat of ſoda is not decompoſed; if too late, the ſul- the 8 
phur burns, and ſulphat of ſoda again is formed. The melting into a paſte is the 5 
beſt teſt that the acid has been changed to ſulphur. Ribancourt was, however, Aim 
ebliged to abandon this method, from the great uncertainty which accompanies it an 
and to have recourſe to iron, as an intermedium-to combine with the ſulphur, For + 
In addition to theſe proceſſes, the reporters propoſe to decompoſe muriat of 3 
foda by martial pyrites, inſtead of the tulphat of iron. Mixing Io lbs. of py 'rites . , 
with 4 of muriat of ſoda, they reduced the whole to a powder, and calcined it for hi N 1 
60 hours in an iron veſſel. During the calcination, a great quantity of ſulphuris | 1225 
cer to ob 
and muriatic acids was diſengaged. The maſs acquired a powdery form. It had 1010 
the appearance of 2 * oxyd of iron, and had loſt 3 Ibs. 4 ounces of its weight freq = 


2 
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By lixiviation, it afforded 4 lbs. 8 ounces of ſulphat of ſoda. The mother water 
evaporated to dryneſs, leſt behind a faline eryſtallizable maſs of about 4 ounces 
in weight. It conſiſted of undecompoſed muriat of ſoda, ſulphat of ſoda, and mu- 
riat of iron. 

The reſidue of this lixivium, fiered and dried, was a hrown 5 of iron, 6 lbs. 
12 ounces in weight. In heating this, a conſiderable quantity of ſulphureous acid 
was diſengaged. This oxyd the reporters propoſe to uſe, along with the charcoal, 
in the farther decompoſition of the ſulphat of ſoda, By conducting the proceſs in 
this manner, we ſhall ſave both time and expence. 

Common pit coal, or, what is ſtill better, peat or turf, may be uſed inſtead of 
charcoal, and have beſides the additional advantage of giving out volatile _ by 
combuſtion, £ 2 

The reporters varied this proceſs, by mixing 10 Ibs. of pyrites with 32 of coarſe- 
ly powdered pit coal; and to this maſs they added water, containing 6 lbs. of the 
muriat of ſoda. This mixture was formed into balls, which were dern on a grid- 
iron in a reverberatory furnace, by a little lighted charcoal placed under them. 
The incineration took up I3 hours. Their aſhes, by lixiviation, afforded 6 lbs. of 
cryſtallized ſulphat of ſoda. | 

100 lbs. of pyrites, 30 of peat, with 6 r-half of muriat of ſoda, treated in the 
fame manner, afforded 7 lbs. of cryſtallized ſulphat of ſoda. 

In this country various methods of obtaining mineral alkali are followed by dif- 
ferent chemiſts. Some of theſe methods are carefully concealed, while others of 
them are but very imperfectly explained in the letters patent which thoſe who 
practiſe them have obtained. There can be little doubt that all of them, how- 
ever, are conducted on the ſame principles with the proceſſes we have already ſo 
ſully deſcribed. See Repertory of Arts and Manuifuctures. 

Aiter this long detail, it ſeems ſcarcely neceflary to remark, that, in preparing 
mineral alkali on a large ſcale, we muſt often be directed in the choice of our 
means by local circumſtances, by the nature and price of the materials that are 
within our reach, and by the value and demand, not only for the alkali itſelf, but 
alſo for the other uſeful ſubſtances that may be procured in this intereſting pro- 
ceſs; for in this, as well as in every other mercantile concern, calculations with 
regard to the expence and the profits mult neceſſarily form the baſis of every ra- 
tonal enterpriſe, 
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Auron, or the volatile alkali, is formed during the ſpontaneous decom- 
poſition of animal ſubſtances, Many plants alſo give out volatile alkali, while 
they paſs to the ſtate of putreſaction. Combined with different acids, it exiſts in 
many mineral waters, in coal, and in various other kinds of ſtrata. The ftrata, 
bowever, in which it exiſts, are generally obſerved to contain ſome marks of ani- 
mal or vegetable bodies. Sce Kirwan's Mineralogy, Vol. II. p. 7. 

Tor the purpoſes of commerce and medicine, volatile alkali is prepared only 
tom the animal kingdom. Being obtained by diſtillation from the horns of ani- 
mals, it has been long known in the ſhops by the name of /virit of Barter. In 
this ate it is very impure, containing ſome oil and much carbonic acid, in or- 
der rto obtain it free from theſe ſubſtances, it is neceſſary to diſſolve it in muriatic 

„and afterwards to diſengage it from this combination by the addition of a 
10 alkali, or of lime, Two parts of burnt line, agd one of the cauſtic alkaline 
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ſalt, are the proportions to be added to one part of the muriat of ammoniac, Thiy 
mixture is introduced into a retort, to which a ſeries of 1eccivers, containing pure 
diſtilled water, is to be adapted. The ſlighteſt heat is ſufficient to diſengage it in 
the ſtate of gas. This gas paſſes over into the ieceivers, combines with the water, 
and faturates it. The quantity of gas which the water can abſorb has not yet been 
accurately aſcertained. In is ſtate it is preſerved in the ſhops under the name gf 
cauſiic volatile alkali, or ſpirit of ſal ammoniac with quicłlime. 


b Dr. Pricſtley, from his experiments, was led to inter that alkaline gas containg 
about one fourth of its weight ot azotic gas. To Dr. Prieſtley we owe alſo the . 
intereſting diſcovery that metallic oxyds may be reduced in alkaline gas. In e. . 
poling maſjicot, oxyd of lead, in contact with alkaline gas, te the action of a bum. 7 
ing lens, the lead was always revived, and a reſidue left of only pure azotic gas, 

Glaſs of antimony was revived in the fame circumſtances, though it was found q 
impoſſible to produce this effect in ſimple hydrogen gas. * 

Scales of iron were revived in alkaline gas, With the loſs of a ſmall portion of 5 
their weight. | 8 

During the reviviſication of red precipitate, oxyd of mercury, in alkaline gas, the | 
Doctor particularly remarks that water was certainly produced. See Prieflly! of 
Experiments and Obſervations, Vol. II. p. 368, — 402. 1 

Van Marum ſeparated hydrogen gas from alkaline gas by means of the electri "i 
ſpark. See Deſcription Dune Grand Machine Electrique, p. 128. | 5 

Scheele had obſerved that volatile alkali was decompoſed when added to nitri . 
acid and manganeſe, or when muriat of ammoniac was diſtilled with the oxyd d c 
that metal. He remarked, beſides, that the volatile alkali was decompoſed by the by 
oxyds of gold, mercury, and ſome other metals; and that during theſe decompo- "7 
ſitions azotic gas was conſtantly evolved. See Scheele on Air and Fire, p. 137; . 
Sebeele : Chemical Eſjays, p. 110. * 

Bergman attributed the phenomena of N gold to the decompoſſtin "I 
of ammoniac aud the ſudden evolution of azotic gas, \ | 

By conſidering carefully theſe experiments and opinions, that excellent chemi . 
Berthollet was led to determine more accurately the true nature and the propor- 15 
tion of the component parts of volatile alkali. 8 

He introduced 2 ounces of the dry nitrat of ammoniac into a ſmall retort i . 
connection with a pneumatic apparatus. By expoſing this ſalt to the heat it wa . 
decompoſed, nitrous gas in large quantity diſengaged, and about 3 gros 65 grail "MP 
of water were formed. As the nitric acid does not contain any hydrogen, the wv 3 
latile alkali, he concluded, was the only ſource from which this ſubſtance could "i 
derived. Port 

In adding oxygenated muriatic acid to ammoniac, Bertholler obſerved that: "OY 
very lively efferveicence took place, The elaſtic fluid diſengaged was pure a2 Dr. 

s. In this experiment the oxygen of the oxygenated muriatic acid combine 2 
with the hydrogen of the ammoniac ; while azote, the other component part t terable 
ammoniac, is diſengaged. In proof of this explanation, it may be remarked, tht 3 
if a ſmall quantity of ammoniac be added, it will be wholly decompoſed; wy x 
large quantity, muriat of ammoniac will be formed. Berthollet alſo found ua I 
the oxyd of copper diſſolved in ammoniac was conſtantly revived by expoſure = 
heat. The azotic gas of the alkali was diſengaged, while its hydrogen united vis Eh 
dhe oxy gen of the oxyd to form water. See Mem. de I Acad. pour 1785, p. z1b, gen gas 

Woulfe found that volatile alkali is wholly decompoſed in diſtilling muriat Bat it 
ammoniac with nitric acid. See Journ. de Phyſ. Nov. 1787. ments 


” Dr. Milner diſcovered that when ammoniacal gas is made to paſs into a ff 


NOTES ON CHAPTER HI, 387 
barrel filled with oxyd of manganeſe, and kept in a red heat, that the volatile al- 
kali was decompoſed, and that nitrous, inſtead of ammoniacal gas, paſſed out of 
the tube. In this beautiſul experiment, while one portion of the oxygen of the 
oxyd of manganeſe unites with the azote of the ammoniac to form nitric acid, 

another portion combines with the hydrogen to form water. 


Dr. Milner alſo obtained nitrous gas by paſling ammoniac gas over calcined 


ſulphat of iron. See Phil. Tranf, Vol. LX XIX. p. 300. 

Seguin, Vauquelin, and Sylveſter, repeated this experiment; but, inſtead of an 
iron, they uſed a porcelain tube. A conſiderable quantity of nitrat of ammoniac, 
in the ſtate of vapour, azotic gas, and water, were produced. See Aundi. de Chem. 
Tom. VI. p. 295. 

Van Mons decompoſed volatile alkali by adding a ſmall quantity of this ſub- 
ſtance to the vitrified oxyd of lead, and expoſing them for ſome days to a heat of 
about 40? of Reaumur. The volatile alkali gradually diſappeared ; but at the 
end of the experiment 6 grams of nitrat of ammoniac were formed. See Journ. 
4. Phy/. 1790 Juin. 

Fourcroy has made a variety of intereſting experiments on the mutual action 
of metallic oxyds and ammoniac. A part of the oxygen of the oxyd unites with 
the hydrogen of the ammoniac to form water, while the azote, diſengaged under 
the gaſcous form, occaſions a flight effer veſcence. This action was very evident 
with the oxyds of manganeſe, mercury, iron, and lead, but leſs fo with thoſe of 
zinc, antimony, biſmuth, and cobalt. See Annal. de Chem, Tom. II. p. 219. 

Chapral obſerved that the oxyds of arſenic were reduced to the mctallic ſtate 
by digeſtion with ammoniac. During the diſengagement of the azotic gas and 
the formation of water, the arſenic appears under the form of octahedral cryitals. 
See Chaptal's Elements of Chemiſtry, Vol. I. p. 135. 

Mot veau, in diſtilling 936 grains of nitrat of ammoniac, obtained 203 grains of 
water in addition to that Which the ſalt originally contained. Much nitrous gas 
was evolved. It is needleſs to remark, that, in this experiment, the nitric acid 
and ammoniac were ſeverally decompoſed. See Grundzuge von Scherer, f. 264. 

A ſlight detonation with inflammation is produced by bringing oxygenated 
muriatic acid into contact with ammoniacal gas; azotic gas is difengaged, and 
muriat of ammoniac produced. See Journ. de PI y.. 1789 Marg. | 

Such are the facts by which the decompoſition of ammoniac has been cſtabliſh- 
ed. We ſhall now mention a few to prove its formation, The ſmell of this ſub- 
tance had often been obſerved by chemiſts to ariſe from combinations into which 
there was no reaſon to believe it had entered as a component part. 

Pott found, that, in treating zinc in a particular manner with nitric acid, 2: 
moniac was produced. 

Dr. Higgins relates, that, by moiſtening filings of tin with moderately ſtroag a 
tric acid, and afterwards adding to them a quantity of fixed aikali or ume, a co 
derable portion of volatile alkali was diſengaged. In this experiment the nitric ac 
and water muſt both have been decompoſed. The oxygen from theſe ſubſtance: 
united with the metal to form an oxyd, while the azote of the niti ic acid united 


with the hydrogen of the water to form ammoniac. See Higgins's (ben ic l Expe- 


riments and Olſervations, 1786. 

Kir wan obſerved that volatile alkali was formed by mixing ſulphurated hydro- 
gen gas with nitrous gas. 

But it is to Dr. Auſtin we are indebted for the firſt accurate and deciſive expe- 
ments on this ſubject. Into a cylindrical glaſs tube, filled with and inverted 
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over mercury, he introduced ſome azotic gas, and afterwards ſome iron filin 


moiſtened with diſtilled water. The hydrogen gradually evelved from the wate 
combined with the azotic gas, and formed volatile alkali. Dr. Auſtin remarks, 
that, in this experiment, the water ſeemed to be decompoſed more ſpeedily thay 
when iron and water were ſimply mixed by themſelves. | 

Volatile alkali was formed in a ſhorter {pace of time when nitrous inſtead of a. 
Zotic gas was employed. The nitrous gas, deprived in this manner ar its azote, 
was converted into oxygen gas. | 

This experiment ſucceeded alſo in atmoſpherical air, requiring, however, 2 
longer period of time. Whenever iron ruſts in contact with water in the open 
air or in the earth, Dr. Auſtin conceives that volatile alkali muſt neceſſarily be 
produced. This remark will enable us to explain readily the occurrence of yol;. 
tile alkali in mineral waters, coal, &c, See Phil, Tranſ. Vol. LXXVIII p. 32g, 

Hauſſman, in paſling nitrous gas through a quantity of precipitate of iron, ob- 
ſerved that this gas was ſpeedily abſorbed. During this proceſs the colour of the 
iron was changed, and ammoniacal gas diſengaged. See Journ. de Phy. 178 
Juin. 

Dr. Milner obtained a ſmall quantity of volatile alkali by heating a ſaturated 
ſolutien of copper in diluted nitric acid, to which ſome iron filings had been add. 
ed. Sce Phil. Tranſ. Vol. LXXIX, 

Morveau introduced a pound and a half of Malacca tin, with five pounds ſever 
drachms three grains of pure nitric acid, into a retort, the neck ef which was fix. 
ed in a receiver, ſurrounded with ice, and connected with a pneumatic apparatus. 
By ſubjeRing this mixture to heat, a nitrat of ammoniac was formed, which cou. 
tained 72,32 grains of volatile alkali, See Nachträge von Scherer, 1, 519. 

Dr. Auſtin, Van Marum, and Hildebrandt, tried, but in vain, to produce am- 
moniac by the dire& combination of its component parts in their elaſtic ſtate, 
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CHAPTER IV: 


GENnus III. Acids: 


n #>'v 'a Sm * 


Acins are diſtinguiſhed by their ſour taſte, when diluted with 
water; they redden blue vegetable colours. Many acids exiſt in 
the gaſeous form; they unite with great rapidity to alkalis; their 
action on inflammable ſubſtances is much ſtronger than that of 
the laſt mentioned ſalts, and moſt commonly reduces them to 
the ſtate of bodies which have been burned. As inflammable FM 
matters, more eſpecially metallic ſubſtances, are found to con- Ji! | i 
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tain a large quantity of oxygen after having been ſubjected to „ 
the action of acids, while the acids themſelves become convert- ee 
ed into combuſtible bodies; it may be concluded that this genus 10 | 
of ſalts is much leſs ſimple than has hitherto been thought, and 17 1408 
that they are in general compoſed of inflammable matter, com- . fl 
bined with oxygen. 55 {i 
We are acquainted with ten ſpecies of mineral acids, very dif- 
ferent from each other: The phoſphoric acid is likewiſe found 1 | 
in this kingdom, united to iron, to lead, and to lime, | | Fi) | W.1 0 
The carbonic acid, | | — 1 1 | 
'The muriatic acid, | | "8 
The fluoric acid, 1 
The nitric acid, l 
The ſulphuric acid, 
The boracic acid, 
The molybdic acid, 
The tungſtic acid, 
The arſenic acid, and 
The ſuccinic acid. ä | : 
We ſhall here treat of the ſix firſt, which are in general the 14 
beſt known and moſt abundant; the four others ſhall be treated | T3 
6 elſewhere, _ | | | 1149 
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Species I, The Carbonic Acid. 


We give the name of carbonic acid to a very abundant acid, 
which, being often found in the aeriform ſtate, was originally 
called fixed air by the Englith, mephitic acid by Mr. Bewly, me- 


Pte gag by Macquer, aerial acid bv Bergman, and cretacecus acid 
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by Bucquet “. We ſhall preſently explain the reaſon and the uti. 
lity of the denomination we have adopted. | 
This acid has not always been conſidered as ſuch. Its leading 
properties were perceived by Paracelſus, Van Helmont, Hales, 
&c. ; but it is to Black, Prieſtley, Bewly, Bergman, and Chaulnes, 
that we are indebted for the certain knowledge of its acidity, 
The carbonic acid gas poſſeſſes all the more obvious qualities of 
air, and exiſts in the atmoſphere, of which it forms a {mall part“. 
ö | Like air, it is inviſible and elaſtic; it cannot be diſtinguiſheq 
from this fluid when encloſed in a glaſs veſſel, or when it floats 
| in the air. It is found diſengaged and in a ftate of purity in ſub- 
| terraneous cavities, as in the Grotto del Cane, &c. It exiſts in x 
tate of combination in a great number of natural bodies, ſuch 
as mineral waters, and ſeveral neutral falts b: Great quantities are 
produced in the ſpirituous fermentation e; it is likewiſe produced 
in the proceſles of reſpiration, and of the combuſtion of char. 
| coal; and laſtly, all the parts of plants, more eſpecially the 
C leaves, continually emit it while in the ſhade. 
This acid, though elaſtic and tranſparent, differs greatly from 
| | air, even in its phyſical properties; its ſpecific gravity is double 
| that of air 4: Hence it may be poured, like other denſe fluids, 
| from one veſſel to another; and for this reaſon it flows out of 
S | the cock after a caſk of wine has been drawn off. Its taſte is 
briſk, and ſubacid; animals which reſpire it die inſtantly; aud 
all bodies in a ſtate of combuſtion are extinguiſhed by being 
plunged in this fluid. It colours the tincture of turnſole with 
a clear red; which, however, diſappears by expoſure to air, in 
proportion as the acid evaporates. It does not alter the colour 
of violets, becauſe its action is too feeble to produce a ſenſible 


| 


| change in deep and fixed colours. ; 

| The force of affinity of this acid is in general very weak, as it trie 

| yields to every other acid: It ſuffers no change by expoſure to con 
| light, or at leaſt the change is too ſmall to be perceived. the 

| | * 1 285 pro 

* Mr. Lavoiſicr concludes, from his ingenious experiments, that atmoſpheric in t 

air conſiſts of vital air, carbonic acid, and azotic gas, uſually in the following pro- F N 

Portions : 85 

x Vital air, - 8 m 27 — 

Carbonic acid, _ - 74 55 

x Azotic gas, . — — 72 tion a 
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Heat gies this fluid, without changing it in any other re- 
_ x 


It mixes with pure or vital air, but without nici and 


ſorms a mixture which may be reſpired for a certain time, pro- 
vided the carbonic acid do not exceed the third part of the 


whole: It may be adminiſtered in this manner as a remedy for | 


diſorders of the lungs. 

It combines with water, though ſlowly. - When theſe two 
fuids are agitated together, and their ſurfaces of contact are by 
that means multiplied, they unite more readily, and form an aci- 
dulous liquor. Bergman calls this ſolution aerated awater ; but 
this name may be with equal propriety applied to water contain- 
ing true air, by way of diſtinguiſhing it from water which has 
been deprived of that fluid by ebullition. Water diffolves a 
greater quantity of carbonic acid the colder it is; but this ſolu- 
tion is limited to a certain quantity: The coldeſt water cannot 
abſorb more than its own bulk of it“. | 

Water charged with carbonic acid is ſomewhat heavier than 
diſtilled water; it ſparkles when agitated ; its taſte is briſk and 
acidulous; and it reddens the tincture of turnfole. Tt boils 
readily, and is decompoſed by the heat, its acid eſcaping in the 
form of an elaſtic fluid. The contact of air rpg the ſame 


effect the more quickly, as its temperature is higher f. It is ne- 


ceſſary, therefore, for the preſervation of this liquid, that it 
ſhould be kept m a cool place, in well-cloſed veflels, or under 
a trong comprefſion. 

This acid ſolution is abundantly found in nature, where it 
conſtitutes acidulous and gaſeous waters, ſuch as thoſe of Pyr- 
mont, Seltzer, & c. | 

As this acidulated water is a remedy proper to be uſed in pu- 


nd diſorders, both internally and externally, philoſophers, have 


contrived various apparatus for ſpeedily impregnating water with 
the whole quantity of carbonic acid it is capable of diſſolving. A 
proceſs for acidulating water was firſt publiſhed by Dr. Prieftley 
in the year 1772. Dr. Nooth has invented a machine for pro- 
ducing this effect, which has been ſince ſueceſſively improved 


Vater ſubjected to preſſure takes up a larger quantity of this acid, in propor- 
tion as the preſſure is greater; hence it ſhould ſeem, that the acid may exiſt in the 
pores of water without loſing its claſtie form, T. 
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by Mr. Parker and Mr. Magellan. This is at preſent to be mei 
with in all philoſophical laboratories. A good deſcription and 
engraving may be ſeen in the file volume of Friaſtlex 8 Exper. 
mens. 

Tue carbonic acid does not act on ee oY It is well 
known that this earth does not eryitallize in acidulated water, 
as was afſerted ſome years ago. 


The carbonic acid unites with alumine, Rennes... and magne. 


ſia, and forms ſeveral kinds of neutral falts, which we ſhall af. 
terwards examine. 

A combination of this acid with the ſolution of lime in water 
is conſtantly attended with a phenomenon, which forms a crite. 
rion of the preſence of this acid. When it comes in conta& 
with the lime-water, white clouds are immediately produced, 
which increaſe in bulk, and form a very abundant precipitate. 
Theſe clouds ariſe from the combination of the carbonic acid 
with the lime, with which it forms chalk,” or carbonat of lime. 
This new ſalt, being ſcarcely at all ſoluble in pure water, falls 
to the bottom: Lime-water 1s therefore a teſt for diſtinguiſhing 
the nature and quantity of the acid we are treating of, If an 
additional quantity of the acid be added after the precipitate 1s 
formed, this exceſs will cauſe it to difappear by a ſecond folu- 
tion. Chalk diſſolved in water, by a ſuperabundance of the 
carbonic acid, is precipitated by bottling, by expoſure to air, and, 
in a word, by every proceſs which can take away this excels 
Hence it is that cauſtic fixed alkalis and pure ammoniac, your- 
ed into a ſolution of chalk by carbonic acid, precipitate the chalk 
by abſorbing that excels of acid. 

Acidulated water poured into lime-water produces exactly the 
ſame effect. 

The carbonic acid combines rapidly with the three allalis 
If a ſmall quantity of cauſtic fixed alkali, in a liquid ſtate, be 
put into a veſſel full of this acid obtained from chalk, or taken 
from the ſurface of a vat of beer in a ſtate of fermentation, and 
the orifice of the veſſel be quickly cloſed with a wetted bladder, 
the veſſel being then moved in ſuch a manner as that the liquid 
alkali may be ſpread over its internal ſurface, the bladder vil 
be obſerved to be preſſed inwards, the abſorption of the carbo- 
nic acid by the alkali cauſing a vacuum within the veſſel. This 
combination is attended with heat; and the ſides of the glatt 
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are in A Hort time covered with cryſtals, which become larger 
and larger. We call this falt carbonat of pctaſb, or of ſoda, 
according to the nature of the alkali which has been uſed. 
Theſe two ſalts, which are truly neutral, were formerly called 
by the names of ſalt of tartar, and ſalt of ſoda : We ſhall ſpeak 
of their properties in the next chapter. 

The contact of ammoniacal gas, and the aeriform carbonic 
acid in cloſed veſſels, likewiſe produces an inſtantaneous vacuum; 
it is attended with heat, and forms a thick white cloud, which 
becomes adherent to the glaſs, either in the form of cryſtals, or 
of an incruſtation. It is a true imperfect neutral ſalt, which we 
ſhall diſtinguiſh by the name of carbonat of ammoniac, and which 
was formerly called goncrete volatile alkali, Engliſh ſalt, &c. 

The carbonic acid adheres to theſe baſes with different degrees 
of force. According to Bergman, its affinity with barytes is the 
ſtrongeſt : after which follow in ſucceſſion, lime, potaſh, ſoda, 
magneſia, and ammoniac. The phenomena on which Bergman 
has eſtabliſhed this gradation of affinity will be ſeen when we 


ſpeak of neutral ſalts. 


The nature and compoſition of the carbonic acid have for 
ſome years paſt engaged the attention of chemiſts. Prieſtley, 
Cavendiſh, Bergman, and Scheele, appear to be of opmion that 
it is formed by the combination of pure air and phlogiſton ; but 


as the exiſtence of this laſt mentioned principle has been juſtly 


doubted by many - celebrated French "chemiſts, we cannot think 
that this theory ought to be admitted, or can ſolve all the objec- 
tions that can be made to it. I formerly thought that the car- 
bonic acid might be a compound of inflammable gas and pure 


air; but the diſcovery of the nature and decompoſition of wa- 


ter has ſhown the improbability of this hypotheſis, and Lavoiſier 


has ſubſtituted a demonſtrated truth in its ſtead 8. | 
This chemiſt, to whom the ſciences are indebted for the vaſt | 


number of ingenious and accurate experiments he has made, 
burned a determinate quantity of charcoal, in glaſs veſſeis filled 
with vital air, over mercury. 'The charcoal was deprived of all 
its hydrogenous gas, by a previous calcination in cloſe veſſels, as 
he had obſerved, that without this precaution drops of water 
were obtained, by which the accuracy of the reſults was af- 


fected. The combuſtion began by the help of a quarter of a 


grain of fungus placed on the charcoal, in contact with a very 
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mall particle of phoſphorus ; a bent wire, whoſe end was heats 


ed red, being paſſed through the mercury, ſerved to ſet the 
phoſphorus on fire; this communicated to the fungus, and the 
latter to the charcoal. The inflammation. was very rapid, and 
attended with much light. The whole apparatus being cold, 
Lavoiſier introduced cauſtic fixed alkali in the fluid ſtate, which 
abſorbed the acid formed during this combuſtion, and left a 
portion of vital air as pure as at the beginning of the expe. 
riment. This chemiſt thinks, that in the preſent operation the 
ox ygenous principle, whoſe combination with caloric forms vita] 
air, combines with the carbon, and produces the carbonic acid, 


while the other principle is diſengaged under the form of heat 


and light. Some aſhes remained, and the quantity of acid form- 
ed, exceeded the weight of the vital air made uſe of, by a quan- 
tity equal to the loſs ſuſtained by the charcoal. From many ex- 
periments of the ſame nature, made in various circumſtances, 
Lavoiſier concludes, that a centenary of carbonic acid, ſo term- 
ed from its origin, is compoſed of about twenty-eight parts of 
pure carbon, and ſeventy-two parts of oxygen. | 

The reſpiration of animals, in his opinion, diſengages from 
the blood a true carbonaceous matter, which combining with the 
oxygen of the atmoſphere, forms the carbonic acid conſtantly 
produced during this proceſs ; and that the combination of the 
carbon of ſugar, with the oxygen of water, 1s the cauſe of the 
production of the carbonic acid in the vinous fermentation. 

Several philoſophers have obſerved, that this acid, in its elaſtic 


ſtate, poſſeſſes the property of preſerving animal ſubſtances, by 


retarding putrefaction, and even diminiſhing its effects after it has 
commenced. Hence it was, that M*Bride ſuppoſed that it unites 
with the putrid ſubſtance, and reſtores the acid it had loſt during 
the time of putrefaction. This laſt phenomenon, according to his 
doctrine, ariſes from the natural decompoſition of organic bodies, 
and the diſſipation of the carbonic acid, which he calls fixed ar: 
for which reaſon he ſuppoſed that the application of this acid 
was indiſpenſably neceſſary to compenſate the loſs ſuſtained in 
the animal economy, and to reſtore the fluids: to their former 
ſtate, when changed by heat and motion. He admits the exiſt- 
ence of this acid in freſh vegetables, eſpecially ſuch as are fut- 
ceptible of fermentation, as the decoction of barley, which has 
been ſuffered to germinate, or the infuſion of raiſins, &c. al 
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which he thinks are equally ſerviceable in ſeptic or ſcorbutic diſ- 
orders. | | 

Water impregnated with carbonic acid, has likewiſe, in ſeve- 
ral caſes, been ſucceſsfully preſcribed in putrid, bilious fevers. 
It is ſaid that the Engliſh uſe the carbonic acid, mixed with com- 
mon air, in diſorders of the lungs. | 

It has been ſtrongly recommended as a lithontriptic, or ſolvent 
of the ſtone in the bladder; but we are not in poſſeſſion of any 
authenticated facts in proof of its efficacy in France. Beſides 
which, this effect is contrary to the diſcoveries of Scheele and 
Bergman upon the ſtone of the Oy as we ſhall elſewhere 
obſerve. 

The public prints contain accounts of ſeveral inſtances of the 
cure of the cancer made in England by the application of the 
carbonic acid. We can nevertheleſs aflert, that this means has 
been uſed by ourſelves and others, without ſucceſs, ſeveral times. 
After the firſt application, the cancerous ulcer exhibits a more 


favourable appearance; the ſanies, which commonly flows, be- 


comes white, conſiſtent, and laudable ; the fleſh aſſumes a lively 
colour : but theſe flattering appearances do not continue ; the 
ulcer ſoon returns to its former ſtate, and paſſes through the 
uſual changes with unabated violence. It is to the firſt diſcovery 


of this acid by Dr. Black that we muſt fix one of the moſt bril- 


lint epochas of chemiſtry. To determine the influence of this 
diſcovery on the On we ſhall here offer the following re- 
marks : h - 

firft, It has added one to the number of acids. Secondly, Tt 
has ſhown the cauſe of the efferveſcence which mild alkalis, 
chalk, calcareous ſpar, and magneſia, produce with ſtronger acids 
than itſelf. Thirdly, It has cauſed a diſtinction to be made of 
all alkaline matters into two ſtates, the ſtate of purity or cauſti- 


city, and the mild ſtate, having the property of efferveſcence. 


Fourthly, It has greatly enlightened the hiſtory of the elective 
attractions of acids for ammoniac and lime. Fifthly, It exhibits 
the firſt inſtance of an acid which prefers lime to fixed alkalis. 
Sixthly, The hiſtory of mephitic caverns, in which animals can- 
not live, is become very clear and ſimple, in conſequence of this 
diſcorery. Seventhly, The analyſis of waters has been rendered 
more perfect from the accurate knowledge of ſuch as are called 
zaleous, ſpirituous, acidulous, and in con of that know - 
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ledge we have ſucceeded in perfectly imitating them. Eigbibi | 


It has thrown great light on the ſolution of iron in many waters, 


and on the means of procuring martial waters entirely ſimilar to 


thoſe in nature. Ninth/y, It has exhibited a claſs of neutral, 
earthy, alkaline, and metallic falts, in which the carbonic acid 
is a principal part; and which are diſtinguiſhed in this work 
by the generic name of carbonats. Laſtiy, It has opened a new 
field to the reſearches of chemiſts and natural philoſophers, and 


has excited that ardour to which we are indebted for all the bril. 


liant diſcoveries made fince that period. The name of Black wil 
ever be memorable in the annals of chemiſtry, and will endure 
as long as the ſcience itſelf. | 

As to the production of this acid by 8 electric (parkt in vital 
air, it muſt be obſerved, that in the experiments of Mr. Landri- 
ano, the iron, which ſerved as a conductor to the electric fluid, is 
the cauſe of this phenomenon by virtue of the plumbago, carbure 
of iron, it contained, and the ſmall quantity of acid produced is an 
additional proof that this explication is well founded. There are, 
doubtleſs, many caſcs in which the carbonic acid is decompoſed 
and reſolved into its principles like the other acids b. Thus it is, 
for example, that water, charged with this acid, is much better 


adapted for the production of vital air by means of leaves er- 


poſed to the rays of the ſun ; becauſe the vegetable organization 
abſerbs the carbonaceous principle, while the light, acting like 
heat, contributes to the ſeparation of the oxygen in the form of 
vital air i, It is ſtill more remarkable, that certain oxyds of iron, 
diſtilled in the pneumatic apparatus, afford only the carbonic acid 
in paſſing to the ſtate of æthiops or black oxyd of iron. This 
depends on the carbon or the plumbago which many ſpecies ot 
iron contain. The carbon abſorbs a portion of the oxygen of 
the iron, with which it forms the acid that is diſengaged. Theſe 
newly diſcovered facts will be more fully explained 1 in ſome ct 
the following chapters of this work. 


e i The Muriatic Acid. 
The fluid called by the name of marine acid a, ſpirit of ſalt, or 


Equid muriatic acid, in our laboratories, has a taſte ſufficiently 
ſtrong to corrode our organs when concentrated, and when much 
diluted impreſies a 48805 tion of acidity and ſtipticity. It is abſo- 
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lately colourleſs when pure. When it is of a red or orange co- 
Jour, as moſt of the muriatic acid of the ſhops is, it is owing 
to certain combuſtible bodies, moſt frequently iron. This acid is 
obtained from marine ſalt or muriat of foda, as we ſhall fee in 
the hiſtory of that ſubſtance. If it be ſtrong and concentrated, 
it emits a white vapour or fume. When expoſed to the air, it 
has a lively and penetrating ſmell, which, when diluted or faint, 
reſembles that of citron, or the apple called golden rennet : it 
is then called the fuming muriatic acid. The fumes are much 
more viſible when the air is moiſt. If a bottle containing this 
acid be opened, and the hand brought near its orifice, a ſen- 
fible heat is perceived, which ariſes from the combination of the 
acid vapour with the water in the atmoſphere. Mauriatic acid 
ſtrongly reddens the ſyrup of violets, and all blue colours of ve- 
getables, but does not deſtroy them. This liquid, however con- 
centrated and ſmoking, does not conſiſt of the pure diſengaged 
muriatic acid, but contains that acid united to much water. Dr. 
Prieſtley has eſtabliſhed the truth of this, by teaching us how to 
obtain the acid in the permanent form of gas over mercury, at 
the preſſure and temperature of the atmoſphere : we muſt there- 
fore attend to the properties of this gas, which in fact is the 
muriatic acid unmixed, and in a ſtate of perfect purity. 

The muriatic acid gas is obtained by heating the fuming mu- 
riatic acid in a retort, whoſe neck is plunged beneath the orifice 
of a veſſel filled with mercury. This gas, which is much more 
volatile than water, paſſes into the veſſel. It has the uſual pro- 
perties of common air, but is heavier. Its ſmell is penetrating, 
and it is ſo cauſtic, as to inflame the ſkin ; it ſuffocates animals, 
extinguiſhes the flame of a taper, firſt enlarging it by the addi- 
tion of a green or bluiſh circumambient flame. It is abſorbed 
by porous bodies. | 

Light does not ſeem to produce any ſenſible change in it; it 
is rarefied, and its elaſticity is prodigiouſly augmented by heat. 
Atmoſpheric air, mixed with muriatic acid gas, included in glaſs 
veſſels, produces fumes or vapours attended with a flight degree 
of heat; a proof that combination takes place. The more hu- 
mid the air, the denſer theſe vapours appear; and for that rea- 
lon they are not at all ſeen at the ſummits of lofty mountains, 
where the air is very dry, according to the obſervation of M. 
CArcet ; the white vapours, which are exhaled from liquid mu- 
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riatic acid, are therefore a conſequence of the water contained 
m the atmoſphere. This liquid acid, as well as its gas, does not 
abſorb vital air when in the elaſtic ſtate, though there are me. 
thods of combining them with oxygen, as we ſhall ſhow here. 
after. It is aſſerted, that, by ſtrongly agitating the liquid my. 
riatic acid with vital air, a portion of the latter is abſorbed b. 
Muriatic acid gas eagerly unites with water. Ice abſorbs it 
very quickly, being inſtantly melted. Water is ſtrongly heated 


during its union with this gas; when ſaturated, it perfectly re. 


ſembles the liquid acid from which the gas was obtained by heat, 
It emits white vapours, is colourleſs, reddens ſyrup of violets, 
&c. We ſhall hereafter ſee that this elaſtic fluid, received in 


pure water, produces the pureſt and moſt concentrated liquil 


muriatic acid ©. 


Muriatic acid gas has no action on ſiliceous earth; it combines 


with alumine, forming muriat of alumine, 

It unites with the ſalino-terreſtrial ſubſtances, with which it 
forms barytic, magneſian, and calcareous muriats. 

Its combination with potath produces the febrifuge ſalt of Hl. 
vius, or muriat of potaſh ; with the mineral alkali of ſoda, it 
forms marine or common ſalt, or mutiat of ſoda. 

Muriatic acid gas, in contact with ammoniacal gas, in veſſels 


over mercury, becomes much heated; the fluids mutually pene- 


erate each other, and a white cloud is immediately formed; the 
mercury riſes in the veſſels, and their internal ſurfaces are co- 
vered over with ramified cryſtals of ſal-ammoniac, or muriat of 
ammoniac. If the two gaſes are very pure, they completely dif- 
appear when they aſſume the concrete form, and the diſengage- 
ment of heat has taken place 4. This experiment is one of thoſe 
which prove, 1/7, That all bodies, which paſs from the liquid to 
the elaſtic ſtate, abſorb at the ſame time a certain quantity of the 
matter of heat or caloric; for the muriatic acid does not become 
gas without heat. 2d, That elaſtic fluids, in their tranſition to 
the liquid or ſolid ſtate, give out the heat they took up in their 
acrification. 3d, That the elaſtic ſtate depends on this abſorbed 
and combined heat ; and that all aeriform fluids are compounds 
to which the fixed heat, or caloric, gives this form, as we have 
already explained elſewhere e. 

The muriatic acid abſorbs the carbonic acid; the mutual ac. 


tion of theſe two bodies has not yet been properly examined; i 


2 
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is known, that the carbonic acid is leſs powerful than the mu- 
riatic, and is diſengaged from all baſes by this laſt. As to the 
different degrees of attraction for the various alkaline baſes, 

Bergman lays them down in the following order: Barytes, pot- 
aſh, ſoda, lime, magneſia, ammoniac, alumine. 

The intimate naturę of the muriatic acid, or the principles 
which enter into its compoſition, are not yet known. Beccher 
thought it to be formed of the ſulphuric acid, united to mercu- 
rial earth, becauſe he obſerved that this acid has a ſtrong affinity 
to all ſuch bodies as he ſuppoſed to contain that principle, ſuch 
as arſenic, mercury, &c. Stahl made no addition by way of 
explaining this opinion of Beccher. And among the numerous 
and ingenious experiments of the moderns, there are not any 
which throw much light on this ſubject. As its acidifiable baſe 
is unknown, it cannot be determined whether two ſtates exiſt 
with reſpect to the ſaturation of this baſe by oxygen: the firſt 
in which the baſe would be ſaturated, and the acid the ſtrongeſt ; 
the ſecond in which there ſhould nob be the fame quantity of 
oxygen, and the acid ſhould be weaker, as we have obſerved 
with reſpect to the ſulphuric and ſulphureous, the nitric and the 
nitrous acids. The preſence of oxygen has not even been de- 
monſtrated in the muriatic acid; and it is only by the force of 
analogy that we are led to admit its exiſtence in this acid f. 

Scheele is the only chemiſt who has made any diſcovery of impor- 
tance reſpecting the different ſtates in which this acid exiſts: this 
philoſopher (in 1774) having diſtilled muriatic acid from the oxyd 
of manganeſe, obtained the acid in the form of a yellowiſh gas, of 
a very penetrating ſmell, and capable of diſſolving all metals with 
great facility, not excepting mercury and gold. He thinks that 
in this operation the manganeſe, which he takes to be very greedy 
of phlogiſton, ſeizes that of the muriatic acid; for which reaſon 
he calls the elaſtic fluid, dephlogiſticated marine acid, and ſuppoles 
it to diſſolve gold, in conſequence of its ſtrong affinity to phlo- 
giſton. There is, however, no direct experiment which ſhows 
the preſence of the inflammable principle in this acid; and in 
the year 1780, I ſuſpected that the vital air of the manganeſe is 
united to the muriatic acid, as may be ſeen in the articles Aqua 
Regia, Manganeſe, &c. in the firſt edition of theſe elements. Ber- 
thollet has proved the truth of this, by a very accurate and inge- 
nious ſeries of experiments. | x {| 
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- The muriatic acid, poured on the oxyd of manganeſe, affords 
yellow vapours before the application of heat. If the retort be 
heated, and the vapours received in veſſels containing water plun- 
ged in ice, a very ſmall quantity is diſſolved, and the water is 
very ſoon ſaturated; the gas which continues to be produced 
takes a concrete form, and falls to the bottom of the liquid in 
cryſtals. The water, in this experiment, muſt be cooled almoſt 


to freezing, becauſe the ſlighteſt heat diſſolves this concrete ſalt, 


and occaſions it to eſcape in the form of bubbles. 

The oxygenated muriatic acid, in a liquid form, or diſſol- 
ved in water, has, according to Berthollet, an auſtere, but not 
acid taſte. It deſtroys the colours of vegetables, and renders 
them white, without firſt cauſing them to become red. It does 
not diſengage the carbonic acid from its baſes, and conſequently 
cauſes no efferveſcence when applied to them : in a word, it has 
no acid properties. | | 5 

The oxygenated muriatic acid efferveſces when heated with 
quick lime, vital air being diſengaged. The reſidue is calcareous 
muriat, which depends on the diſengagement of the gas of the 
oxygen, which ſaturated the acid. The oxygenated muriatic 


acid produces an efferveſcence in its combination with cauſtic 


ammoniac; but water and azotic gas are the reſult of this com- 
bination. In this experiment the oxygenated acid and the am- 
moniac are both decompoſed ; the hydrogen, which is one of the 
principles of the ammoniac, unites with the ſuperabundant oxy- 
gen of the muriatic acid and forms water; while the azote, the o- 
ther principle of the ammoniac, uniting with caloric, 1s ſeparated 
under an elaſtic form, and produces the efferveſcence which 1 
obſerved in this experiment. In ſhort, the oxygenated muriatic 
acid converts metals into oxyds, and diſſolves them without et- 
ferveſcence : in deſtroying vegetable colours, it paſſes to the ſtate 
of common muriatic acid. All theſe experiments prove, that the 
dephlagiſticated marine acid of Scheele is a combination of this pure 
acid with vital air or oxygen, and may, with greater propriety, be 
called aerated or oxygenated muriatic acid, as I propoſed in the 
firſt edition of theſe Elements. Berthollet has not yet deter- 
mined the quantity of oxygen abſorbed by the muriatic acid in 
theſe experiments *, in order to give to it the properties we have 
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mentioned. He has diſcovered, ſince his firſt eſſay, that the 
oxygenated muriatic gas, received in a ſolution of carbonat of 
potaſh, forms a neutral cryſtallizable ſalt, which detonates upon 
charcoal like nitre, and even more ſtrongly, which affords very 
pure vital air, or oxygenous gas, by the action of fire, and leaves 
after theſe two eſſays the muriat of potaſh: Theſe experiments 
prore more and more the theory which I firſt explained nine 
years ago, of the nature of the oxygenated muriatic acid; fince 
the detonation of the oxygenated muriat of potaſh is manifeſtly 
owing to the ſuperabundant oxygen. Soda forms only a deli- 
queſcent ſalt with the oxygenated muriatic acid b. 

The muriatic acid is employed in the arts, and more eſpecially 
in the art of aſſaying in the humid way f. In medicine it is ad- 
miniſtered, in a very diluted ſtate, as a diuretic and antiſeptic; 
and it is the chief ingredient in the remedy of the Prior de Cha- 
brieres for ruptures. It is externally uſed as an eſcharotic; and 
likewiſe in gangrenes of the throat, aphthz, &c. Mixed with a 
certain quantity of water, it conſtitutes a bath for the feet, which 
is a great ſecret with ſome practitioners, and is uſed for the pur- 
poſe of removing the ſeat of the gout from the nobler to the in- 
ferior parts. 

The oxygenated muriatic acid bas not been known a ſufficient 
lime to apply it to any uſe. Berthollet thinks that it may be 
uſed for the purpoſe of diſcovering, in a few minutes or hours, 
the effets which expoſure to air will produce on certain dyed 
ſtuffs; and that their durability may by that means be aſcertain- 
ed. He has lately propoſed it to be uſed in bleaching elotlis and 
thread; and the firit trials made at Paris, on a ſcale of conſi- 
derable magnitude, promiſed to be ſucceſsful. It may likewiſe 
be uſed for ſpeedily bleaching yellow wax, and particularly the 
green wax of our iſlands b. 


Species III. The Fluoric Acid. 


The fluoric acid, diſcovered by Scheele, received its name 
from a kind of neutral ſalt, called fluor ſpar, from which it is 
obtained a. | 

This acid, in a ſtate of purity, has the form of gas; in hd 
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See Bergman's + IO Vol. II. either in the Engliſh tranſlation, or original 
Latin. 
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{late, therefore, we ſhall examine its properties. It is heavier 
than air, extinguiſhes fire, and deſtroys animal life; has a pene. 
trating ſmell, ſimilar to that of muriatic acid gas, but more 
powerful; and its cauſticity is ſuch, that it corrodes the ſkin in 
a ſhort time; light does not ſenſibly alter it; and heat dilate; 
it, without producing any other change. 

The addition of atmoſpherical air has the 8 effect on this 
as on the muriatie acid, producing a white vapour, which is more 
or leſs abundant, in proportion to the humidity of the atmoſphere, 

The fluoric acid gas unites to water very rapidly, and with 
heat; a peculiar phenomenon attends their combination, when 
the acid has been extracted in glaſs veſſels, namely, the precip. 
tation of a very fine white earth, of a ſiliceous nature: It there. 
fore ſeems that this acid, in the ſtate hitherto deſcribed, is very 
far from being pure. For this reafon, I am inclined to think 
that it can only be had pure, in depriving it, by means of water, 
of the earth it took up during its volatilization. This gas, dif. 
folved in water, forms the liquid fluoric acid, , whoſe ſmell and 
cauſticity are very powerful when the water is ſaturated. This 
liquid acid ſtrongly reddens ſyrup of violets. It poſſeſſes the {in- 
gular property of corroding and ditlolving filiceous earth, accord- 
ing to Scheele and Bergman. Though the fluoric acid gas, in it 
union with water, depoſits a great quantity of ſiliceous earth, it 
ſtill retains a ſomewhat conſiderable portion, which is precipita- 
ted by alkalis b. 

Dr. Prieſtley obſerved that 0 uoric acid gas corrodes and pene: 
trates glaſs; which circumſtance obliged him to make uſe of 
very thick glaſs in his experiments. Macquer thought that this 
acid does not produce this effect but in its ſtate of gas; and that 
in its liquid ſtate, or when combined with water, it ceaſes to 
polleſs that property: His opinion is founded on the confiders- 
tion, that water precipitates the ſiliceous earth, which is held in 
ſolution by the fluoric gas. But as water does not entirely ſeps- 

rate it, we ſee that the liquid fluoric acid can act on the cattiy 
part of glaſs, and upon ſiliceous ſtones. 

The liquid fluoric acid may be decompoſed in the ſame mam 
ner as ſpirit of ſalt, by heating it in a retort, whoſe neck is plun- 


ged under the orifice of a veſſel filled with mercury. The fluons | 


acid gas is obtained, and the water remains pure. 
The two French chemiſts, who, under the name of Boulanger, 
publiſhed, in the year 1773, a ſeries of experiments on tlie flu 
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of vitreous ſpar, are of opinion, that this acid is nothing elſe but 
the muriatic acid, combined with an earthy ſubitance, ſeparable 
vnly by water. But Scheele has unanſwerably confuted this opi- 
nion, and conſiders it as a peculiar acid, ſufficiently diſtinguiſhed 
from all others by its combinations, This laſt opinion is almoſt 
univerſally received ©. | 

The fluoric is the only mineral acid which poſſeſſes the pro- 
perty of diſſolving ſiliceous earths, In the year 1779, Bergman 
and Scheele thought that this earth might be a compound of the 
luoric acid and water, becauſe of the conſiderable quantity of 
flex depoſited when this acid gas comes in contact with water 
but the experiments of Meyer prove that the filiceous earth 


is obtained from the glaſs veſſels which are corroded. This che- 


miſt took three cylindrical veſſels of tin, in each of which he put 
mn ounce of vitreous ſpar, with three ounces of ſulphuric acid, 
which, having a ſtronger affinity with lime than the fluoric acid, 
is ſucceſsfully employed in procuring the latter. To one of theſe 
mixtures he added an ounce of quartz, in powder; to the ſecond, 
an ounce of glaſs, in powder; and the third was left without ad- 
dition. In each of theſe cylinders he ſuſpended a moiſtened 
ſponge, and expoſed the cloſed veſſels to a gentle heat. Half an 
hour atter, he found a ſiliceous powder depoſited on the ſponge, 
included over the mixture containing powdered glaſs. Twelve 
hours after, the mixture containing quartz likewiſe exhibited a 
ſiliceous incruſtation on its ſponge z but the mixture, which 
contained neither quartz nor glaſs, preſented no appearance 
of any depoſition, even at the end of ſeveral days. Bergman 
himſelf forwarded an account of this experiment to Morveau, 
informing him at the ſame time, that he renounced his former 


opinion reſpecting the formation of ſiliceous earth by the union 


of Huoric acid gas and water. The precipitation, therefore, de- 
pends on the ſiliceous earth diſſolved in the fluoric acid gas; and 
the acid is not in a ſtate of purity till the earth has been preci- 
pitated by water and the alkalis. 


The fluoric acid and its gas unite with clay, and form a ſweetiſh 


neutral ſalt, aluminovs fluat *, which eafily takes the conſiſtence of 
a thick jelly, | 


* * chad. 


* 


* According to the methodical nomenclature we have propoſed, the term 


Fvorat ſhould have been uſed, but we have abridged it, as we ſhall the neutcal 


Ombinations of the ſn}phuric acid, which are termed /uiphats, inſtead of ſulphurats. 
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It combines with barytes : The ſalt reſulting from this comhj. 
nation, which we diſtinguiſn by the name of barytic fluat, is of 
a pulverulent form. 5 

The fluoric acid forms a ne, ſalt with magneſia, mag. 
neſian fluat. 


It precipitates lime- water, n immediately calcareous 


fluat. _ 

It likewiſe combines with potaſh, and conſtitutes fluat of pot- 
aſh. With ſoda it forms fluat of ſoda, 
it forms a ſalt, which we diſtinguiſh by the name of ammoniacal 
fluats. 

The foregoing ſhort account of theſe ſaline combinations proye 
that the fluoric acid differs greatly from the muriatic acid; and this 
proof is {till further confirmed by the order of its . with the 
ſeveral baſes. Bergman obſerves, that the fluoric acid united to 
potaſh 1s ſeparated by lime-water ; from the ſolution, fluat of lime is 
{een to precipitate. The ſame appearance is obſerved when lime- 
water is added to the ſolution of ſluat of barytes. This philoſo- 
pher arranges its affinities in the following order : Lime, barytes, 
magneſia, a ſoda, ammoniac ; but he obſerves that a great. 
er number of experiments are required to give the neceſſary de- 
gree of accuracy to this arrangement. 

The fluoric acid has not yet been applied to any uſc; but its 
property of diſſolving ſiliceous earth will probably render it of 
great uſe in the arts and chemical operations. M. de Puymau— 


rin has already employed it with ſucceſs in engraving upon glaſs; 


and has created a new art, which may one day become highly 
uſetul 0 | | 
Species IV. Nitric Acid a. 


The fluid called ſpirit of nitre in chemical laboratories is 1 
combination of this acid with water. This liquid acid, when 
very pure, is white but a very ſmall change cauſes it to become 
yellow or red, and to exhale fumes of the fame colour in great 
abundance. Its cauſticity is ſuch, that it immediately burns and 
deſtroys the organization of the ſkin and muſcles : It Quddens 
and entirely deſtroys the colour of ſyrup of violets b. 

Expoſed to the rays of the ſun, it becomes of a deeper colour, 
and more volatile, according to Scheele, which ſhows that it 1s 
acted upon by light. This coloration is accompanied with a di- 


Laſtly, With ammoniac 
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engagement of vital air. Heat volatilizes the acid of nitre, and 
ſeparates the coloured part in the form of red vapours ©. 

The red acid unites with great violence to water, which be- 
comes at firſt green, and afterwards blue 4. Much heat is given 
out in this combination. When united to a conſiderable quan- 
tity of water, it is called aquafortis ©, 

The white and red acids of nitre were Rn conſidered at 
one and the ſame acid, differing only in the degree of concentra- 
tion ; and that which had the moſt colour was conſidered as the 
moſt concentrated : But the nature of this ſaline ſubſtance being 
at preſent much better underſtood, it is admitted that it may exiſt 
in two different ſtates. In the one, the acid of nitre is colour- 
leſs, more ponderous, leſs volatile, and emits only a white fume ; 
in the other, it is tinged from yellow to a brown red, being light- 
er, more volatile, and continually emitting red vapours, more or 
leſs abundant, accordingly as its temperature is higher. Berg- 
man diſtinguiſhes theſe two ſtates of the acid of nitre by the 
names of dephlogiſticated and phlogiſticated nitrons acid. We 
call the white or colourleſs acid the nitric acid, and that which 


is coloured we call the 7:traus acid. We ſhall hereafter” explain 


the cauſe of theſe differences. It will be ſufficient in this place 
to obſerve, that if the coloured and fuming nitrous acid be di- 
ſtilled in a glaſs retort, the red part comes over firſt in vapours, 
and the acid which remains in the retort becomes white and co- 
lourleſs. The deeper the colour of the nitrous acid, the larger 
will be the quantity of vapours, and the leſs the quantity of clear 
acid remaining in the retort 3 and, on the contrary, if a nitrous 
xcid, of a pale red, be ſubmitted to the ſame proceſs, the quan- 


uty of vapour is very inconſiderable, and the clear acid which 


remains is in much greater quantity than in the former caſe. 
This experiment proves that the deep coloured acid is more vo- 
| atile than the paler ſort; and that as ail coloured ſpirit of nitre 
's compoſed of theſe two acids in diſlerent proportions, they may 
be obtained ſeparate by diſtillation. - In this operation, a certain 
quantity of vital air is always diſengaged, which may be collect- 
ed by adapting a pneumatic apparatus to the receiver. It muſt 


apours from the paleſt nitric acid, and changes the colour of 

the acid itſelf, which becomes reddiſh. But this change produ- 

ced by mere heat diſappears when the acid grows cold, and the 
Cc 1y | 


be obſerved, that the red heat of the veſſels ſeparates ſome red 
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vapour which had ariſen is again diſſolved in the liquor. The 
ſame thing happens when water is added to highly coloured ni. 
trous acid: The heut which is produced diſengages the red acid 
into the atmoſphere, and the portion of this weakencd acid whic\; 
remains in the veſſel is wholly nitric acid. When heat, affiſted 
by light, produces this change in the nitric acid, there is a dif. 
engagement of a certain quantity of vital air or oxygenous gas, 
proportioned to the nitrous gas which is formed. It is in conſe- 
quence of the attraction which exiſts between light, caloric, and 
oxygen, that this decompoſition of the nitric acid, and its eMange 
into nitrous acid, take place. The effect of the red heat of our 
veſſels imitates that of the ſolar rays f. 5 

Nitric acid has no action on filiceous earth. It unites with 
alumine, barytes, magneſia, lime, and the three alkalis, with 
which it forms the nitrats of theſe ſubſtances. Theſe ſalts hall 
all be examined afterwards. The ſalts formed by the union of 
the ſame baſes with nitrous acid differ a little from the former, 
and in our methodical nomenclature are termed nzrites, 

The nitric acid unites with the carbonic acid, which it abſorbs 
in a conſiderable proportion. The mutual action of theſe two 
bodies 1s not well known. Ly 

The nitric acid combines very readily with the muriatic acid. 
The alchemiſts gave the name of aqua regia to this compound, 
becauſe they uſed it to diſſolve gold, the king of the metals. In 
future we ſhall call it nitro-muriatic acid, It muſt always hare 
appeared ſingular that two acids, neither of which ſingly has any 
action on gold, ſhould become capable of diſſolving it when uni- 
ted. The alchemiſts, happy in having diſcovered a ſolvent for 
this precious metal, did not trouble themſelves about the cauſe 
of the phenomenon. It is but a few years fince two Swediſh 
chemiſts, Scheele and Bergman, attempted to diſcover the change 
which the admixture of theſe two acids produces in cach. Schecle, 
as we have already obſerved, perceived that the yellow vapour pro- 
duced when the muriatic acid is diſtilled from the calx or oxyd of 
manganeſe has the ſame ſmell as aqua regia ; that it deſtroys the 
blue colours of vegetables; and that its action on metals is very 
ſtrong, eſpecially on gold, which it perfectly diſſolves, like th: 
nitro-muriatic acid. He thinks that theſe new properties ariſe 
from its being deprived of phlogiſton hy the oxyd of manganeſe, 
and that conſequently it has a ſtrong tendency to ſeize that print 
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ciple from other bodies, and therefore acts powerfully on com- 
huſtible bodies. From theſe facts and ſuppolitions he gave 
it the name of dephlogiſlicated marine acid. We muſt here ob- 
ſerve this explanation is abſolutely contrary to the theory of 
Stahl, which Scheele appears to have adopted, fince the muri- 
atic acid, by the loſs of its phlogiſton, acquires new properties, 
which that great man attributed to the preſence of the inflam- 
mable principle, ſuch as volatility, a ſtrong odour, and a power 
of acting on combuſtible bodies. We apprehend, moreover, that 
all theſe phenomena are much more naturally explained by the 
new theory, as we ſhall preſently ſhow. 

Bergman thinks that the nitric 'acid ſeizes the phlogiſton of 
the muriatic acid, and becomes partly diſſipated in the form of 
vapour, and that the marine acid is converted into the ſame ſtate 
as it poſſeſſes when diſtilled from the oxyd of manganeſe. The 
nitro-muriatic acid, therefore, diſſolves gold by virtue of the de- 
phlogiſticated marine acid it contains; hence it happens that the 
acid mixture is often nothing more than marine acid. Such is 
the opinion of the celebrated chemiſt of Upſal. The following 
theory, however, appears to agree better with the facts. When 
nitric acid is poured upon muriatic acid, the two liquors grow 
hot, and deeper coloured; an efferveſcence is produced, attend- 
ed with a mixed ſmell, leſs penetrating than that of muriatic acid, 
but perfectly reſembling this acid diſtilled from oxyd of man- 
ganeſe. Berthollet has diſcovered that oxygenated muriatic 
acid is diſengaged during this ſtrong action of the two acids. 
Muriatic acid, therefore, takes from the nitric acid part of the 
oxygen it contains, and is diſſipated in the form of oxygenated 
murntic acid gas. A portion of this acid remains charged with 
oxygen and nitrous gas, and this mixture conſtitutes aqua regia. 
Hence it may be eafily conceived why a very ſmall quantity of 
nitric acid is required to give the muriatic acid the characters of 
aqua regia, and why the falt of gold affords by diftillation *no- 
thing but the muriatic acid, as likewiſe happens with nitro-mu- 
natic acid diſtilled alone. But it muſt be obſerved, that as a 
much greater quantity of nitric acid than is neceſſary is com- 
monly uſed te ſaturate the muriatic acid with oxygen, the nitro- 
muriatic acid, aqua regia, contains theſe two acids, which act 
each according to its peculiar nature, and form various com- 
pounds with bodies expoſed to their action. It is therefore a 
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deſideratum to aſcertain what quantity of nitric acid is required 
to ſaturate a given quantity of muriatic acid with oxygen, and 
to convert it into nitro-muriatic acid, without its containing any 
portion of aquafortis, which would only tend to alter its pro- 


erties, and render its effects uncertain. Hence it is neceſſary. 
3 Y, 


in the recording of nice chemical operations, to point out the 
reſpective quantitics of the acids made uſe of in compounding 
the aqua regia employed 5. 

The ſpecific gravity of this mixed acid is leſs than that of ei- 
ther of the two which compoſe it; its ſmell is peculiar ; its co- 
lour citron, verging towards orange: its action on various ſub. 
ſtances diftinguithes it from every other acid. Light diſengage; 
the oxygen gas or vital air; heat ſeparates the oxygenated muri. 


atic acid. Aqua regia combines with water in all proportions, 


at the ſame time producing heat: it diſſolves alumine very flow- 
ly, and unites with barytes, magneſia, lime, and the different al- 
kalis, producing mixed ſaline combinations, which either cry- 
ſtallize ſeparately or together, according to their ſolubility. Aqua 
regia is much uſed in chemiſtry, eſpecially in the art of aſlaying, 
as we ſhall have occaſion to obſerve more largely, when we com: 
to ſpeak of metallic ſubſtances. | 

The intimate nature and compoſition of the / nitric acid has 
been greatly attended to by chemiſts ſince the earlier diſcoverics 
of Dr. Prieſtley. 'The opinion of ſuch as think the formation of 
this acid may be attributed to the ſulphuric, and who regard it 
as a modification of this laſt, has been ſhown to be founded on 
fallacious experiments; and it was ſoon found to be compoſed 
of peculiar principles, in nee, of the following obſerva- 
tions. 

It has long ſince been obſerved that the nitric acid acts ſtrong- 
ly on combuitible bodies, eſpecially metallic ſubſtances; a large 
quantity of red yapours exhaling at the ſame time into the at- 
moſphere, and the acid in ſome caſes being entirely diffipated in 
that form. The combuſtible body expoſed to its action is quick- 
ly converted into the ſtate of a body which has ſuffered oxyda- 
tion or combuſtion. And. this proceſs is in ſome caſes carried 
on ſo rapidly, as to cauſe ſudden inflammation of the combuſti- 
ble bodies, ſuch as oils, coal, ſulphur, phoſphorus, and certain 
metals. Stahl attributed this effect to the rapidity with which the 
acid combined with phlogiſton; but this theory is inſufficient, 
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Dr. Prieſtley having received, under a glaſs veſſel filled with 
water, the vapour which is diſengaged during the action of the 
nitric acid upon iron, obſerved, that inſtead of a red vaporous 
fluid, a tranſparent and colourleſs gas, reſembling air, is obtain». 
od, which he diſtinguiſhed by the name of nitrous gas. 

This gas has all the external characters of air, but differs in 
2 great number of its chemical properties : its ſpecific gravity is 
ſomewhat leſs; it is incapable of maintaining either combuſtion 
gr reſpiration 3 is ſtrongly antiſeptic z has no ſenſible taſte z and 
does not immediately produce any change in ſyrup of violets. 
Nitrous gas is not ſenſibly changed by the action of light; heat 
dilates it; vital air readily combines with it, and converts it into 
nitrous acid; atmoſpheric air produces the ſame effect, but with 
ks intenſity, This combination exhibits many important phe- 
nomena. As ſoon as the air comes in contact with the nitrous 
gas, theſe two colourleſs fluids become red, like the nitrous acid; 
a conſiderable degree of heat is excited: the water riſes in the 
receiver, and abſorbs the red vapours, which convert it into a 
weak aquafortis, The purer the air, the more rapid and evi- 
dent are theſe phenomena, and a leſs quantity is required to 
convert a given quantity of nitrous gas into nitrous acid. La- 
voiſier found that ſixteen parts of atmoſpheric air are required 
to ſaturate ſeven parts and one-third of nitrous gas, while four 
parts of vital air are ſufficient to ſaturate completely the ſame 
quantity of gas. This remarkable phenomenon perfectly reſem- 
bles combuſtion, as Macquer thinks. In fact, it is accompanied 
with heat, abſorption of air, and the production of ſaline mat- 
ter; and the deep red colour with which it is accompanied may 
ve conſidered as a kind of flame. 

The effects of air in this artificial recompoſition of nitrous acid 
being different according to the purity of the air made uſe of, 
Dr. Prieſtley applied nitrous gas, as a teſt to diſtinguiſh the 
quantity of vital air contained in any given portion of elaſtic 
ud, by taking, as the two extremes, the moſt impure gas, 
which is not changed at all by nitrous gas (as, for example, car- 
bonic acid), and vital air, which is changed the moſt. This proof 
conſiſts in employing known quantities of the two gaſes, and ob- 
erving the effect, or the quantity neceſſary for the complete ſa- 
uration of each. The leſs the quantity of any kind of air which 
required to ſaturate nitrous gas, the more pure or reſpirable 
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this diſcovery, thinks that nitrous gas conſiſts of the nitrous acid 
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that air is; and, on the contrary, the larger the quantity requi. 
red for that purpoſe, the leſs is its purity. 

Many philoſophers have endeavoured to contrive methods of 
performing this experiment with the greateſt preciſion. The 
Abbe Fontana has ſucceeded the beſt in his attempts ; he has 
contrived an eudiometer, which is accurately deſcribed by In- 


ſtrument the purity of air may be eſtimated to an extreme de. 
gree of accuracy; but a degree of attention and experience is 
required in its uſe, without which it is very likely to be produc. 
tive of error, as the author himſelf obſerves. 
It is of great conſequence to be obſerved, with regard to theſe 
experiments, uſeful and ingenious as they are, that they have not 
been attended with near the advantage to medicine, by deter. 
mining the ſalubrity of the air, which was at firſt expected. 
They indicate merely the quantity of reſpirable air contained in 
the ſpecimen under examination, but teach us nothing concern- 
ing the noxious qualities of this fluid with reſpect to the other 
animal functions; as, for example, its actions on the ſtomach, 
ſkin, and in particular the nerves, which produce effects well 
known to phyſicians, and which follow in conſequence of almolt 
every alteration the air is ſuſceptible of b. | 

Chemiſts are not yet agreed in their opinions reſpeCting the 
cauſe of the production of nitrous acid by the mixture of nitrous 
gas and vital air. Dr. Prieſtley, to whom we are indebted for 


loaded with phlogiſton; and that pure air, having a ſtronger af- 
finity for this laſt ſubſtance, takes it from the acid, which it leaves 


at liberty: but this theory is far from being ſufficient to explain 1 
the phenomenon, becauſe there is ſcarcely any reſidue when the © 
experiment is well made, and becauſe the nitrous acid formed in 1 
this operation weighs much more than the nitrous gas made 10 
uſe of. Lavoiſier imagined that this property of recompoſing th 
nitrous acid by the addition of pure air is ſufficient to ſhow the It 
compoſition of the acid itſelf. By combining two ounces of ſpi- 1 
rit of nitre, of a known ſtrength, with mercury, which is a com- ly 


buſtible body, he obtained 196 cubic inches of nitrous gas, and 
246 inches of vital air. The mercury, after having changed it 
form during the diſengagement of the firſt gas, was reduced to 
its metallic ſtate during the diſengagement of the ſecond, an! 
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was found to have ſuffered no loſs. From this experiment, per- 
formed with great accuracy, he concludes, 1/4, That the mercury 
having ſuffered no loſs, the elaftic fluids cannot be attributed to, 
or be {aid to have been obtained from, that metal. 2d, That they 
muſt therefore be attributed to a decompoſition of the nitrous 
acid. 3d, That the nitrous acid made uſe of, whoſe ſpecific gra- 
vity, compared with diſtilled water, was as 131607 to 1000009, 
appears to be formed of three principles; nitrous gas, vital air, 
and water, m the following proportions, in the Paris pound, of 
9216 grains; nitrous gas, 6274 grains; vital air, 10824 grains; 
water, 7506 grains. 47, That nitrous gas conſiſts of the nitrous 
acid deprived of vital air, or oxygen. 57h, That in all the ope- 
rations wherein nitrous gas is obtained, the nitric acid is decom- 
poſed, and a part of its oxygen abſorbed by the combuſtible bo- 
dy, with which it has a ſtronger affinity Toy with the nitrous 
gas. 

There is, however, a difficulty attending this opinion. "PA 
voiſier did not ſucceed in recompoſing all the acid he made 
uſe of, but loft at leaſt the half, and the quantity of pure air ob- 
tained was much more than neceſſary to ſaturate the whole quan- 
tity of nitrous gas. He confeſſes that he cannot account for this 
circumſtance. Macquer ſuppoſes it to depend on the loſs of 
phlogiiton or light, which he confiders as one of the principles, 
and ſuppoſes to be diſfipated through the pores of the veſſel du- 
ring its decompoſition, a part of the pure air, which is not diſſi- 
pable in the ſame manner, being left behind. We ſhall ſhortly 
ſee that this is not the true cauſe of the phenomenon. | 

The portion of gas which remains after the mixture of vital 
air and nitrous gas formed likewiſe an objection againſt La- 
voĩſier's theory; and though this reſidue was very inconſiderable 
in his experiment, ſeven parts and one-third of nitrous gas, with 
four parts of vital air, having left only the thirty-fourth part of 
their whole bulk, yet it was embarraſſing to diſcover the reaſon. 
It is true that Lavoiſter has ſince aſcertained that the reſidue 
is much ſmaller when the materials are very pure and accurate- 
ly proportioned to each other; and we ſhall proceed to ſhow that 
it is poſſible to make a combination of vital air and nitrous. gas 
tufſiciently pure to leave no reſidue. 

There is not the ſame difficulty concerning the aeriform reſi- 
due obtained after the combination of 16 parts of atmoſpherie 
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air with 7 of nitrous gas. This fluid is known to be axotic gas, 
or atmoſpheric mephitis. It is likewiſe eaſy to conceive, that 


i water, in c ontact with nitrous gas, may, in proceſs of time, con- 


vert it into nitrous acid, by virtue of the air contained in the fir 
mentioned fluid. 

But in the theory of e the nature of the nitrous 
gas remains to be inquired into; and this point has been clear. 


ed up by a valuable experiment of Cavendiſh ; he introduced 


into a tube of glaſs, 7 parts of vital air, obtained without the af. 
ſiſtance of nitric acid, and 3 parts of azotic gas, or atmoſpheric 
mephitis; the electric ſpark being paſſed through this mixture, 
its bulk was much diminiſhed, and it became changed into ni 
trous acid. Hence he concludes, that this acid is a combination 
of 7 parts of vital, and 3 of azotic air; and that when a certain 
proportion of the firſt of theſe principles is taken away, as hap- 
pens when metals, &c. are diſſolved, it becomes nitrous gas; 


conſequently, according to this opinion, the latter fluid muſt 


conſiſt of azotic gas, with a Igſs proportion of vital alr than i; 
neceflary to conſtitute nitrous acid; and that the addition of pure 
air only is wanting to convert nitrous gas into that acid. Theſe 
experiments, and the ingenious theory deduced from them, tend 
greatly to explain the formation of nitric acid, by the putrefac- 
tion of animal matters. It is well known, that a large quan- 
tity of azotic gas is diſengaged from theſe ſubſtances during 
the putrefactive proceſs ; and the neceſſity of the contact of 
air, for the production of this acid, is ſufficiently evident, from 
the conſideration that it 1s formed by the union of theſe two ela- 
ſtic fluids l. 

Hence it is likewiſe eaſy to aſcertain the difference between 
the pure, colourleſs acid, and that which is yellow and fuming, 
called phlogiſticated by the northern chemiſts, or between the 


nitric and nitrous. The latter exiſts in all caſes, when the pro- 


portion of its two component parts 1s not accurately ſuch as con- 


ſtitutes pure nitric acid, namely, 3 parts of azote to 7 of o. 


gen. But as a great number of circumſtances, and in general 
every phlogiſticating proceſs, may diminiſh the quantity of oxy- 
gen, by abſorbing more or leſs of that fluid, it follows naturally, 
I/, That this acid is very ſubject to alteration, and muſt be more 
or leſs fuming according to circumſtances. 2d, That in propor- 


tion to the quantity of oxygen taken away, it may exiſt in man 
2 | = 
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1iferent ſtates from that of the pureſt nitric acid, which contains 


the largeſt portion of this principle, to that of nitrous gas, which 
does not contain enough to be truly acid. 34, That if nitrous 


gas be totally deprived of oxygen, it will be converted into a20- 


tic gas, or mephitis. 47h, That the attraction between oxygen 
and azote not being conſiderable, and a great number of com- 
buſtible bodies having a ſtronger affinity with the former, the ni- 
tric acid muſt be decompoſed with much facility by ſuch bodies. 
Theſe four remarkable properties of the acid of nitre ſerve to ex- 
plain a great number of chemical phenomena. f, We may 
conceive, that in this acid the azotic gas and vital air are depri- 
ved of much caloric ; and conſequently, that they are in the ſtate 
of azote and oxygen. 2dly, That when it is decompoſed by a 
combuſtible body, the nitrous gas, which is diſengaged,. does not 
require ſo niuch caloric to convert it into the elaſtic form as vital 
air and azotic gas do.” 3dly, That theſe two elaſtic fluids cannot 
combine in their gaſeous ſtate. 47hly, That, conſequently, the 
vital air obtained from nitrous preparations ſtrongly heated, ſuch 
as red precipitate, the nitrat of lead, common nitre, &c. muſt 
contain a portion of mephitis, or azotic gas, and that it is this 
gas which forms the reſidue after the union of vital air and ni- 
trous gas; a reſidue which does not exiſt when vital air is uſed, 
which has been diſengaged from the leaves of vegetables, or from 
manganeſe. 57hly, That the ſame thing ſometimes happens with 
the nitrous gas, which may contain a portion of azotic gas or 
diſengaged mephitis; that this muſt happen when the gas is pre- 
pared with bodies which, being very greedy of oxygen, take it 
almoſt entirely from the nitric acid, ſuch as iron, the oils, &c. 
bt hy, That the nitrous acid which is coloured, and contains an 
exceſs of nitrous gas, or azote, or the baſe of mephitis, is in 
a very different ſtate from that whoſe two principles are in a ſtate 
of ſaturation z and that, by reaſon of their different properties, 
it is neceſſary to diſtinguiſh them by particular names *. We name 
the pale acid, which is the ſcarceſt and moſt pure, the nitric 
acid, to conform to the other denominations; and its neutral 
falts we call nitrats. We give the name of mitrus acid to that 
which is red, and that of nitrites to its ſaline combinations. It 
is true that we ſeldom have occaſion to ſpeak of theſe laſt ; for, 
though the nitrous acid, or that which is red and fuming, is 
more common than the pale, it ſeldom happens that it remains 
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ſuch in its combination with the alkaline baſes ; the exceſs 5 
nitrous gas eſcapes during the combination, and the nitric or pure 
acid only enters into the compound. We ſhall ſee that theſe 
falts, called nitrites, which contain the acid, with exceſs: of ni- 
trous gas, are not formed, except by the action of heat upon 
the true nitrats. 

The affinities of, the nitric acid to the alkaline baſes, are the 
ſame as thoſe of the muriatic acid. They are arranged by Berg. 
man in the following order: barytes, potaſh, ſoda, lime, magne- 
Ga, ammoniac and alumine. According to this celebrated che. 
Miſt, the nitrous or phlogiſticated nitrous acid has the ſame elec. 

tive attractions as the pure acid itſelf, It is ſtronger than the 
acids before treated of, and diſengages the carbonie, fluorie, 
and muriatic acids from their baſes. 

The nitrous acid is of very extenſive uſe in the arts; under 
the name of aquafortis, it is more particularly employed to diſ- 
ſolve mercury, copper and ſilver, by water-gilders, engravers, 
and in, domeſtie and metallurgic operations, & c. In ſurgery it is 
uſed to deſtroy excreſcences, and ſmall indolent tumours. In 
pharmacy, it is uſed in many preparations z ſuch as mercurial 
water, red precipitate, martial alkaline tincture of Stahl, the 
yellow unguent, &c. &c. We ſhall mention theſe, with fevera} 
other uſes, under the different articles to which they belong. 
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Species V. Sulphuric Acid. 


Sulphuric acid, hitherto called the vitriolic acid, is a very cau- 
ſtic ſaline ſubſtance, which, when concentrated, burns and cor- 
rodes the ſkin, reddens the ſyrup of violets without deſtroying 
its colour, and exhibits a rough ſtyptic taſte when much diluted 
with water. This acid, in its pure ſtate, has the form of a very 
tranſparent, oleaginous fluid, twice as heavy as diſtilled water, 
and without ſmell z it contains the acid united with water, from 
which it cannot be entirely ſeparated by any known method. I 
is called vitriolic acid, becauſe it was formerly obtained from 
martial vitriol by diſtillation, It is now obtained in France and 
in England by the complete combuſtion of ſulphur, as will be 
more amply explained in the hiſtory of that combuſtible ſub- 
ſtance. Its extraction and nature require, therefore, that, in 1 
methodical and regular nomenclature, it ſhould be called the ſul- 
Phurie acid. 
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When it is well concentrated, it has very improperly been cal- 


jed oil of vitriol, on account of its conſiſtence. 

This acid, as ſhall afterwards be ſhown, takes the concrete 
form, either by expoſure to cold, or by combination with ſeveral 
elaſtic fluids. | 

The action of light on the ſulphuric acid is not known. Some 
chemiſts have affirmed, that oil of vitriol, expoſed in well cloſed 
veſſels to the rays of the ſun, becomes gradually more and more 
coloured, and even that ſulphur is formed : this phenomenon is 
very far from being proved; and it is even probable that it does 
not take place : for we ſhall hereafter ſhow that the ſulphuric 
acid cannot be converted into ſulphur, but by the loſs of its pure 
air or oxygen, and this ſeparation cannot be made in cloſed 
veſſels. | 
Stahl conſidered the ſulphuric acid as the moſt univerſally dif- 
fuſed, and the principle of all other acids. The firſt of theſe 
aſſertions, founded on the conſideration that linen cloths, im- 
pregnated with potaſh, and expoſed to the air, become charged, 
in proceſs of time, with ſulphat of potaſh, or the ſalt formed 
by the union of this with ſulphuric acid, is now ſhown to be 
falſe; becauſe theſe cloths are not found to contain an atom of 
ſulphat of potaſh, though they abound with carbonat of potaſh, 
or the combination of this alkali with carbonic acid. As to the 
ſecond, it is by no means proved that the other acids owe their 
origin to that of ſulphur. Modern experiments have ſhown, 
that each acid has its peculiar principles, different from every o- 
ther, excepting the baſe of vital air or oxygen, which is common 
to all, | | 

Sulphuric acid, heated in a retort, becomes more concentrated 
by the loſs of a part of its water, and is not volatilized but by a 
ſtrong heat. Coloured ſulphuric acid becomes clear and tranſ- 
parent by the aCtion of heat. During this operation, which is 
called concentration and rectification of the vitriolic acid, a gas 
of a very penetrating ſmell, which we ſhall hereafter have occaſion 
to Ipeak of, under the name of ſulphureous acid gas, and which 
was the cauſe of its colour, is ſeparated. Though this operation 
appears to render the ſulphuric acid more clear and pure, it muſt 
be carried ſtill further, if the acid be defired in a high ſtate of purity. 
The fact is, that the ordinary method of concentration deprives it 
only of water and ſulphurcous acid gas, without ſeparating the 
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fixed matters by which it may be changed: its complete ptriff. 
cation requires that it be diſtilled to dryneſs ; changing the reci. 
pient as ſoon as the acid in the retort 1s ſufficiently concentrated 
by the firſt part of the proceſs: the dry white reſidue, which ff. 
nally remains in the retort, conſiſts of ſulphat of potaſh, and 
ſome other ſubſtances taken up by the acid at the time of its 
original manufacture. . 
Concentrated ſulphuric acid, e to the air, attracts hu- 
midity, and loſes a part of its force and cauſticity; it likewiſe 


becomes coloured, by means of the combuſtible particles which 
float in the atmoſphere, and are ſtrongly acted on by this acid: 


the quantity of moiſture it abſorbs by this expoſure, is nearly 
double its own weight *. 
The Duc d'Ayen, by a curious ſet of experiments, made du- 


ring the violent froſt in the month of January 1776, has ſhown, 


that this acid, highly concentrated, expoſed to cold between 13 
and 15 degrees of Reaumur's thermometer, becomes congealed; 
that when it is diluted with 2 or 3 parts of water, it cannot be 
frozen; and that, if it be left continually expoſed to the air in 
its frozen ſtate, it becomes again fluid, though the temperature 
of the atmoſphere continues as cold, or even becomes colder 
than before. This laſt phenomenon is produced by the water 
contained in the atmoſphere, with which the acid unites, and 
produces an increaſe of temperature ſufficient to counteract and 


overcome the power of congelation b. 


Sulphuric acid unites to water with phenomena that indicate 
a ſudden penetration and intimate union. A ſtrong degree of 
heat, attended with a kind of hiſſing noiſe, is produced, a pecu- 
liar ſmell being at the ſame time emitted. The noiſe produced 
during this union, ariſes from the eſcape of the air contained 
in the water, which is ſeen to eſcape in the form of ſmall 
bubbles e. The acid, thus diluted with water, loſes much of the 
intenſity of its taſte, and its fluidity 1s greater. 

It was formerly called ſpirit of vitriol. By evaporating the 
water of dilution, by means of heat, the acid may be reſtored 
to the ſtate of concentrated ſulphuric acid. 


This acid does not act on ſiliceous earth or quartzoſe ſtones, - 


not even when they have been previouſly diſſolved in alkalis: it 
combines with alumine, barytes, magneſia, lime, and alkalis, 
forming ſulphat of alumine, or alum; ſulphat of barytes, or 
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vonderous nia ſulphat of magneſia, or Epſom ſalt ; ſulphat 
ot lime, or ſelenite; ſulphat of potaſh, or vitriolated tartar 

{ulphat of ſoda, or Glauber's ſalt; and ſulphat of ammoniac, 
or vitriolic ammoniac. Its elective attractions for theſe baſes 
have the ſame order as thoſe of the muriatic and nitric acids, but 
they are ſtronger; this acid being capable of diſengaging either 
of the others from its bale. 

The action of ſulphuric acid 1 acids has not yet been 
wel. aſcertained; we only know, ½, That it abſorbs a large 
quantity of the carbonic acid. 24d, That it unites fo cafily with 
the muriatic acid, as to produce heat, and the diſengagement of 
2 large quantity of muriatic acid gas in white vapours. Boer- 
haave atiirms, in his chemiftry, that the muriatic acid renders 
eil of vitriol concrete, which may perhaps be true of the oxyge- 
nated muriatic acid. 3d, That the white and pure nitric acid, 
added to ſulphuric acid, coloured by a combuſtible body, ren- 
ders it tranſparent, aad 1s exhaled in the form of nitrous gas, 
en the application of heat to the mixture. 44h, That nitrous gas, 

added to this acid, cauſes it to take a concrete form, as we ſhall 
more largely ſhow in treating of the.decompoſition of nitrat of 
potaſh by the ſulphat of iron. 

The mode of action of the ſulphuric acid on combuſtible bo- 
dies greatly elucidates the nature and principles of this acid. 
Whenever a comhuſtible body, as, for example, a metal, or any 
animal or vegetable ſubſtance, is placed in contact with concen- 
trated ſulphuric acid, it paſſes with a greater or leſs degree of ra- 
pidity to the ſtate of bodies which have been burned, and the 
acid is at the fame time decompoſed -. 

Bodies containing oil become black when W in cold ſul- 
phuric acid, the acid at the ſame time aſſuming firſt a brown, 
and afterwards a black colour. If an inflammable body in com- 
buſtion, as, for example, red-hot chareoal, be plunged into this 
acid, it immediately aſſumes a degree of volatility, with a ſulphu- 
reous ſmell, emitting at the ſame time a white ſuffocating fume. 
f the acid be put in contact with a combuſtible body of a more 
ſimple nature than organic ſubſtances, the changes which follow 
may be more eaſily perceived and eſtimated, and the principles 
of the ſulpharic acid may by that means be ſeparated and known. 
When concentrated ſulphuric acid and mercury are heated toge- 
ther in a retort, whoſe neck is plunged beneath a glaſs veſſel fill- 

FR. | 3 D 4 | 


418 ___ SULPHURIC ACID. 


ed with the ſame metallic fluid, a permanent gas, of a ſtrong ang 
penetrating ſmell, ſimilar to that of burning ſulphur, is nn 
as ſoon as the acid boils. 5 
This aeriform fluid, known by the name of ſulphureout acid 
gas, is ſomewhat heavier than common air; it extinguiſhe; flame, 
deſtroys animal life, reddens and diſcolours ſyrup of violets, 
unites-to water with leſs rapidity than the muriatic acid gas, and, 
according to Prieſtley, diſſolves chalk, camphor, and iron; it is 
| abſorbed by charcoal, and all very porous bodies. Though it has 
been conſidered as one of the. permanent gaſes, it appears to he 
capable of condenſation to the liquid ſtate by a great degree of 
cold. Monge has ſucceeded in rendering it liquid by this proceſs, 
The ſulphurcous acid is a peculiar modification of the yl. 
phuric acid, capable of forming with alkalis neutral ſalts, very 
different from thoſe produced by the combinations of the latter. 
Stahl, who paid particular attention to theſe important pheno. 
mena, imagined that in this combination the phlogiſton of the 
metal united with the acid, and gave it ſmell, volatility, &c.; but 
this great chemiſt, not having purſued the experiment to a ſuſh- 
_cient length, was doubtleſs unacquainted with the circumſtance 
that the ſtrongeſt objections againſt his doctrine may be deduced 
from theſe facts. Lavoiſier, Bucquet, and myſelf, have ſeve- 
rally examined the ſucceihon of phenomena which take place 
during the mutual action of mercury and the ſulphuric acid. As 
foon as the mixture becomes white and dry, ſcarcely any ſulphu- 
reous acid gas paſſes over; if this ſulphat of mercury be then 
| ſtrongly heated, a ſmall quantity of water is diſengaged, together 
with gas of a totally different nature from the former. It conſiſts 
of very pure vital air. In proportion as this air paſſes over, the 
mercury is reduced to its fluid and metallic ſtate, abſolutely ſimi- 


lar to that which it originally poſſeſſed, and is entirely recovered, 


excepting certain portions, which together do not amount to the 
eighth part of the quantity made uſe of. Hence it appears, that 
the mercury not having been at all altered, the two gaſes, which 

me over, are produced by a decompoſition of the ſulphuric acid 
Kſelf. Sulphureous gas appears to have the ſame relation to this 
acid as the nitrous gas has to the nitric acid. There is, however, 


fome difference in the compoſition of theſe two acids ; for it has 


not been found practicable immediately to reproduce the ſulphu- 
rie acid by uniting the two gaſes it affords, though this may be 
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dore at pleaſure with the nitrous acid, by combining the nitrous 
gas and vital air which its analyſis affords: It is probable that 
the recompoſition of the ſulphuric acid requires a conſiderable 
ſpace of time, ſince it really takes place when compounds of the 
ſulphureous acid, with different baſes, are expoſed to the air, and 
are found at length to contain mere ſulphuric acid. Thus it is 
that the combination of the ſulphureous acid with the potaſh, 
commonly known by the name of ſulphureous ſalt of Stahl, or 
the ſulphite of potaſh, being expoſed to the air, becomes con- 
verted into ſulphat of potaſh at the end of a certain ſpace. of 
time. That which here happens ſlowly, takes place very rapidly 
in the combuſtion of ſulphur, during which this combuſtible bo- 

dy abſorbs the pxygen of the atmoſphere, and becomes more and 
more acid, until its complete ſaturation e. 

From theſe experiments, it is evident, 1/, That the ſulphuric 
acid is a compound of ſulphur and oxygen z 2d, That when a 
combuſtible body is preſented to this acid, which has a ſtronger 
affinity than vital air or oxygen to ſulphur, it ſeizes the oxygen, 
and decompoſes the acid; 3d, That if the combuſtible matter do 
not ſeize the whole of the acidifying principle, as is the caſe with 
moſt metallic ſolutions in ſulphuric acid, the ſubſtance diſenga- 
ged is not pure ſulphur, but ſulphureous acid gas; 47h, That this 
gas occupies the middle place between ſulphur and ſulphuric acid, 
and muſt be conſidered as that acid deprived of a certain quantity 
of its oxygen, of as ſulphur rendered feebly acid by a portion of 
drygen. In order, therefore, to cauſe this gas to become true 
ſulphur, nothing more is required than to deprive it of this por- 
tion of the baſe of vital air; an event which happens towards the 
end of metallic ſolutions by the ſulphuric acid, when theſe ſolu- 
tions are evaporated and ſtrongly heated. It may likewiſe be rea- 
dily underſtood in what manner the ſulphureous acid becomes 
gradually converted into ſulphuric acid, by abſorbing the oxygen 
or vital air contained in the atmoſphere f. 

Sulphureous acid gas is capable of uniting ſomewhat intimate- 
y with the ſulphuric acid, to which it gives the property of 
emitting thick white vapours. Meyer, in his Chemical Efays on 
Quicklime, ſpeaks of a ſmoking oil of vitriol, prepared at Narthau- 
ſen in Saxony, by the diſtillation of common vitriol. This chemiſt, 
ater Chriſtian Bernhard, a German chemiſt, mentions a concrete 
and fuming acid falt, obtained from this acid by diſtillation. Has 
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ving had an opportunity of procuring a few pounds of this Saxon 
ſulphuric acid, I obſerved the properties mentioned by Meyer; 


and, by a gentle heat, I obtained a concrete fuming volatile falt, 


in deliqueicent cryitals, of two forms, according to the deſcrip. 


tion of Chriſtian Bernhard. A number of experiments which! 


have deſcribed, in a memoir read to the Royal Academy of Sci. 


_ ences in 1785, have convinced me, /, That the property of fu. 


ming and attording a concrete volatile ſalt arifes from the ſulphu. 
reous gas contained in a large proportion in the black ſulphuric 
acid of Narthauſen ; 2d, That in proportion as it loſes this gas 
by expoſure to air, it ccates to emit fumes, and affords no more 
concrete ſalt 3 3d, That water diſengages this gas, and deprives 


the Saxon ſulphuric acid of its fuming property, &c.; 47h, and 


{atly, That this concrete and very fuming acid falt obtained by 
diſtillation is a ſaturated combination of ſulphuric acid and ful. 
phureous gas, which gradually becomes converted into ordinary 
{ulphuric acid by expoſure to air. Two concrete ſulphuric acids 
are therefore known; the one formed by the addition of nitrous 
gas, and the other of ſulphureous acid gas. I do not doubt but 
that other concrete modifications occaſioned by its combination 
with other gaſes, as the oxygenated muriatic acid gas, &c. will 
hereaſter be diſcovered. 

Ihe ſulphuric acid is uſed in many arts, particularly in hat- 
making and in dyeing 3 it is one of the molt common and molt 
neceſſary folvents made uſe of in chemiſtry ; it is employed in 
medicine externally, as a powerful cauſtic, and internally, when 
diluted with water, fo as to be ſcarce ſenſibly acid, as a rcfreſl:- 
ing, cooling, and antiſeptic medicine. 

The ſulphureous acid is employed in dyeing z it is uſed to 
whiten filks, to take out ſpots occaſioned by vegetable juices, &c. 
As theſe two acids are combinations of ſulphur and oxygen in 
different proportions, their names ought to have an analogy with 
their nature; thoſe of /z/phuric and /ulphureaus acid appeared to 
me to be well adapted: the termination of this laſt word expreſſes 


the exceſs of the combuſtible baſe, as in the other acids, 


Species VI. Boracic Acid. 


The labours of a great number of chemiſts have Gd that 


borax is a neutral ſalt, formed by the combination of a peculiar 
acid with zn exceſs of ſoda. This acid was called /edative ſal 
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by its diſcoverer, Homberg. It has ſince been named the acid 
of borax; we prefer the name of the boracic acid, in order to 
ive this word the termination of all the other acids. 

Many chemiſts have ſuppoſed that this acid is an artificial pro- 
duct, formed by the combination of the ſalts made uſe of in its 
manufacture; but ſince Mr. Hoefer, apothecary to the Grand 
Duke of Tuſcany, has diſcovered that the waters of ſeveral lakes 
in that country contain it in a ſtate of great purity, it cannot be 
doubted but that it is a peculiar acid. The chemiſts of the aca- 
demy of Dijon have confirmed this diſcovery, by analyſing the 
waters of Monterotondo which were ſent to them, and in which 
they found ſedative ſalt, as diſcovered by Mr. Hoefer. It is pro- 
bable that it may hereafter be found in other mineral waters; it 
ſeems to be produced by the putrefaction of fat ſubſtances. 

Boracic acid, whether native, or obtained from borax, by the 
proceſs to be mentioned under that article, is a concrete ſub- 
ſtance, cryſtallized in ſmall white ſcales, exceedingly thin, irre- 
gularly cut at their edges, very light, and ſometimes brilliant in 
a certain degree. Its taſte is feebly, though fenſibly, acid; it 
lightly reddens the tincture of violets, and alſo that of turnſole, 
mallows, radiſhes, & c. much more ſenſibly; it is not volatilized 
by fire, but melts at a conſiderable red heat into a tranſparent 
glaſs, which, upon expoſure to the air, becomes opake, and co- 
vered with a light white powder. This glaſs is the boracic acid 
unaltered, and recovers its cryſtalline form, by ſolution in water, 
and ſubſequent cryſtallization. 

The boracic acid is not changed by the action of air, whether 
it be hot or cold, or in a ſtate of humidity or dryneſs. 

It is difficultly ſoluble in water, a pound * of this fluid, boil- 
ing hot, diſſolving no more than 83 grains, according to the aca- 
demicians of Dijon; it cryſtallizes by cooling and by evapora- 
tion. This ſolution immediately reddens the tincture of turnſole, 
and changes the colour of ſyrup of violets, though flowly. If 
boracic acid, moiſtened with a little water, be heated in a cucur- 
bit with a head, a part of the acid ſublimes with the water which 
riſes, but the ſublimation ceaſes as ſoon as the water has all riſen; 
a circumſtance which proves that this ſalt alone is fixed, as may 
be ſhown by melting it in a crucible. By ſublimation in this 
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manner with water, boracic acid may be obtained very pure in 


fine brilliant cryſtals, if the operation be well managed, This 
falt is called /ublimed ſedative ſalt in pharmacy. 


The boracic acid is uſed to fuſe filiceous earth, with which it 
forms clear, and nearly colourleſs glaſſes; by the aſſiſtance of 


heat, it diſſolves the earth precipitated from the liquor of flints, 
It unites with barytes, magneſia, lime, and alkalis, and forms 


with theſe different ſubſtances ſalts, diſtinguiſhed by the general 


name of Borats, of which there is only one ſpecies which is yet 
well known. 

All theſe oh endes, and more eſpecially its taſte, the red co- 
lour it communicates to vegetable colours, and its neutral com- 
binations with alkalis, ſufficiently indicate its acid nature ; but it 
is known to be the feebleſt of all the acids, fince it often ſatu- 
rates imperfectly its alkaline baſes, and ſince all the other acids, 
not excepting the carbonic, diſengage it from its combinations. 

The action of acids on boracic acid is not well known; it ap- 
pears to be partly decompoſed by the ſulphuric acid, the latter 
becoming ſulphureous when diſtilled from this ſalt. As to the 
nitric and muriatic acids, it is known that they diſſolve it; but 
their mutual action has not been obſerved with ſufficient accu - 
racy to determine whether any decompoſition takes place. 

There have been many different opinions reſpeCting the nature 
and formation of boracic acid. Many chemiſts have thought it 
to be an intimate combination of ſulphuric acid and vitrifiable 
earth with a fat ſubſtance. Meſſrs. Bourdelin and Cadet ſup- 
poſed it to be formed of muriatic acid. The latter imagined that 
it contains a ſmall proportion of earth of copper, becauſe, like 
the oxyds of that metal, it gives a green colour to flame. Car- 
theuſer affirms, that boracic acid, when dried by a gentle heat, 
emits vapours of muriatic acid; that this dry falt being ditfol- 
ved, a grey earth remained on the filter; laſtly, that by repeat- 
ing the deſiccations and ſolutions a great number of times, the 
falt is entirely decompoſed, ſo that it ſeemed to be a modifica- 


tion of muriatic acid fixed by an earth. Meſſrs. Macquer and 


Poulletier de la Salle have repeated this experiment. They ob- 
ſerved the diſengagement of a vapour during the calcination of 
the ſedative ſalt, but they were not ſatisfied that its ſmell was 
that of muriatic acid. By ſucceſſive deſiccations and ſolutions, 
they obtained a ſmall quantity of grey earth, which, when con: 
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tined with muriatic acid, did not form boracic acid, as Cartheu- 
fer had affirmed ; ſo that the opinion of this chemiſt is no more 
proved than the others. Model conſidered this ſalt as a combi- 
nation of a peculiar alkali with the ſulphuric acid made uſe of 
in diſengaging it. But the boracic acid being always the ſame 
ſubſtance, whatever ray be the acid employed to diſengage 
it, this opinion cannot be admitted. Baume affirms that he 
has ſucceeded in forming boracic acid, by leaving a mixture of 
clay and fat to digeſt together for 18 months. Hence he con- 
cludes that this ſalt is a combination of the acid of fat with a 
ſubtle earth, of which it cannot afterwards be deprived. He 
adds, that vegetable oils afford the ſame ſalt, though more flow- 
ly. Wiegleb repeated this experiment of Baume, but no bora- 
cic acid was produced. 

Chemilts at preſent conſider boracic acid as a peculiar acid, 
different from all others; and the order of its affinities with the 
akaline baſes tend to ſupport this aſſertion. Bergman arranges 
them as follows : lime, barytes, magneſia, potaſh, ſoda, ammo- 
niac. As they differ much from the ſalts formed by the other 
acids hitherto examined, they prove ſtill more evidently that this 
acid is of a peculiar nature, whoſe principles are not yet known. 

The boracic acid was for ſome time employed in medicine on 
the authority of Homberg, who athrmed it to be ſedative, and 
eren narcotic. He called it ſedative falt, or volatile narcotic ſalt 
of vitriol, becauſe he had obtained it by ſublimation of a mixture 
of nitre and vitriol; but experience has ſhown that the virtues 
of this ſalt are not extraordinary, unleſs the doſe given be great- 
er than that formerly uſed, ſuch as a drachm, or even more; it 
is therefore rejected; and with o much the more juſtice, as it 
is certain that we poſſeſs remedies whoſe action is much more 
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powerful and certain. 
It is uſed in many chemical operations as a flux, under which 


character we ſhall hereafter have occaſion to conſider it. 
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NOTES ON CHAPTER IV. 


[Page 389.] 


1. CARBONIC ACID. 


- Caxsonic ACID is the chołe-damp of miners, ſo called from the fatal effc&s 
it produces on thoſe who breathe it. The miners are informed of its preſence, by 
the faintneſs with which their lights burn, or by their total extinction. 

o Carbonic acid exiſts in great abundance in chalk, limeſtones, marble, calca- 
reous ſpars, &c. forming nearly one-third of theſe ſubſtances. 

elt is alfo extricated in conſiderable quantity from putrefying animal ſubſtan. ' 
es: but in this caſe it 1s impure, being always mixed with other gaſeous bodies, 

d According to Lavoiſier, the ſpecific gravity of carbonic acid is to that of 
common atmoſpherical air in the proportion of 1.8454 to 1.2308. 

© By paſling a ſueceſſion of electric ſparks through carbonic acid gas, Dr, 
Prieftiey obſerved, that the volume of this gas was ſomewhat increaſed, and that 
2 portion of it became incapable of combining with Water. See Obſervations and 
Experiments, Vol. I. P. 112. 

Van Marum repeated Dr. Prieſtley's experiments on a more extenſive ſcale, and 
obtained nearly ſimilar reſults. | 

Monge found, that in theſe experiments the increaſe of volume aroſe from 
the decompoſition of the water, which adheres to carbenic acid in ſpite of 
every means uſed to ſeparate it, and not from any change in the carbonic acid 
1ſelf, The metallic conductors he employed always underwent a flight degre- 
ot oxydation. After the abſorption of the carbenic acid by alkaline ſolutions, 
= gaſeous reſidue was left behind, which exploded readily mu oxygen gas. See 
Mem. de I Acad. I 756, p. 430. 

f Dr. Prieſtley obſer ved, that the carbonic acid is diſengaged alſo during th: 
freezing of water; and that when this effect is ſuddenly produced, the ice form- 
ed has all the appearance of ſnow. 

S Cavendiſh paſſed 180 ounce meaſures of atmoſpherical air through an ignited 
iron tube filled with powder of charcoal; the air was diminiſhed to 162 mea · 
ſures, and a gas produced, which was abſorbed by alkaline ſolution. 

Dr. Prieſtley expoſed, in a cloſe glaſs veſſel, charcoal in contact with atmoſ- 
pheric air to the action of a burning glaſs. The air was diminiſhed one-fifth, 
and became capable of rendering lime water turbid. Priefiley's Experiments ard 
Obſervations, firſt edition, Vol. I. P. 129. 

Scheele placed burning charcoal in a veſſel containing oxygen gas. After 
cooling, the air was diminiſhed, by the abſorption of lime water, to one-fourth of 
its original volume. Sce Gren's Fourn. de Phyſ. B. II. ſ. 454. | 

The memoir of Lavoiſier on the formation of carbonic acid is inſerted in tho 
Mem. de Þ Acad. 1781, p. 448. 

h Mr. Tennant ſeems to have been the firſt who ſucceeded in directly decom- 
poling carbonic acid. Into a glaſs tube cloſed at one end, he introduced a fmall 
Oy of phoſphorus, and over this ſome powdered marble, or carbonat of 
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lime. After expoſing this tube for ſome minutes toa red heat, it was obſerved to 


-ontain a black powder, which, on examination, was found to conſiſt of charcoal, 
phoſphat of lime, and a ſubſtance formed by the union of lime and pheſphorus. 
The charcoal obtained by this experiment did not ſeem to differ in any reſpect 
om the charcoal of vegetable ſubſtances. See Phil. Tragſ. Vol. LXXXI. 


p. 181. 


donat of ſoda, deprived completely of the water of its cryſtallization. 800 
grains of this ſubſtance were added to 200 grains of tranſparent phoſphorus. 
The open end of the tube being adapted to a pneumatic apparatus, the other end 
was placed in a red heat for about 20 minutes. During this time ſome drops of 
mater, together with a mixture of azotic and exygen gaſes, having the ſmell of 
phoſphorus, paſſed over into the receiver. In the lower end of the tube there 
was Row found a looſely cohering ſubſtance as black as charcoal, which weighed 
438 grains, and above this a grey and white ſubſtance, partly fuſed, and partly in 


2 powdery form, which, with the glaſs adhering to it, weighed 358 grains. 100 


grains of the black ſubſtance afforded by ſolution in boiling hot concentrated ace- 
tous acid about fix ounce meaſures of carbonic acid. The quantity of this acid, how- 
ever, varied a little in different experiments. The ſolution was filtered, and a 
black reſidue obtained, which, after being waſhed with boiling water, weighed 32,4 
grains. This reſidue ſeemed to poſſeſs all the properties of charcoal, ſo that no 
doubt could remain with regard to the decompolition of the carbonic acid. 130 
grains of phoſphat of lime were obtained by adding muriat of lime to the fil- 
tered ſolution. The reſidue from the white ſubſtance prepared in the ſame way, 
weighed 44 grains, but only a ſmall portion of it ſeemed to be charcoal, 

Dr. Pearſon decompoſed alſo, in the ſame way, the carbonic acid united with 
potaſh, but not that combined with ammoniac. The carbonic acid contained in 
the carbonat of lime, barytes, magneſia, and alumine, ſeemed alſo to be decom- 
poſed by expoſing theſe ſubſtances, in contact with phoſphorus, to a ſtrong fire, 
but in much ſmaller quantity than with either of the fixed alkalis. Inſtead of phoſ- 
phorus, Dr. Pearſon tried ſulphur; but he was not able with this ſubſtance to 
elfect the decompoſition of the carbonic acid, See Phil. Tran. Vol. LXXXII. 
p. 270, 

The ſame experiment has been ſince made at Paris by Fourcroy, Vauquelin, 
Splveſter, and Brougniart. This decompoſition, according to theſe chemiſts, 
takes place only in a high temperature; for when the heat is ſlowly applied, the 
phoſphorus ſublimes, without producing any effect on the carbonic acid. See 
Arnal, de Chem. Tom, XII. p. 315. 4 

Profeflor Götling of Jena, however, affirms, that the 8 of the 
carbonic acid by phoſphorus takes place alſo in the uſual temperature of the at- 
moſphere, provided theſe ſubſtances be kept a ſufficient length of time in contact 
with each other. See Taſſchenbuch fir Apotbeler, 1796, ſ. 33. 

i The actual decompoſition of carbonic acid during the vegetation of plants, 
has not yet been proved by any accurate experiments. Thoſe who wiſh to be- 
come acquainted with the moſt probable conjectures on this ſubject, may conſult a 
memoir of Haſſenfratz, beginning page 318 in the 13th Volume of the Annales de 
Chemie, together with the anſwer to this memoir, by Sennebier of Geneva, in- 
| {erted i in the NT de Phyſique for September 1792, 
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Dr. Pearſon repeated this experiment, but, ien of lime, he employed car- 
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n. MURIATIC ACIH. 


2 Tuis acid never exiſts pure in nature, but always in combination with ſome 
alkali, earth, or metal. See Kirwar's Mineralogy, Vol. II. p. 30. 

b Pelletier aſſerts, that this abſorption takes place by keeping theſe two ſub. 
ſtances ſimply in contact with each other. See Journ. de Pb,. 1785. p. 394. 

Hermſtadt inverted a glaſs veſſel, containing 64 cubic inches of oxygen pas 
over muriatic acid. At the end of x4 days, 7 cubic inches of the gas were _ 
ſorbed. The acid, which had riſen in the veſſel, on being afterwards expoſed to 
heat, gave out 6 cubic inches of oxygenated muriatic acid. See Gruedziige v ven 
Scherer, .. 170. 

© Muriatic acid gas is abſorbed by ſpirit of wine as readily as by water. This 
combination diſſolves iron, and continues to be inflammable. Muriatic acid gag 
is abſorbed alſo by olive oil, oil of turpentine, wax, ſulphur, charcoal, and ether, 
See Prieftley's Exper. and Ob/ar. Vol. Il. p. 280. 

d It was this property of muriatic acid gas that led Morveau to propoſe it as 
an antidote to the putrid miaſma of hoſpitals, See mne e 
Article Chemie, Tom. I. p. 132. | 

The ſpecific gravity of highly concentrated muriatic acid is to that of water 
in the proportion of 1.196 to co. According to Lavoiſier, a cubic inch of this 
acid is equal to 6 drachms 14 grains, French weight. The ſpecific gravity of muri. 
atic acid gas is to that of atmoſpherical air as 1.750 to 1000, 

f Dr, Prieſtley obſerved, that hydrogen gas was diſengaged in expoſing iroy 
filings, ſpirit of wine, oil of olives, and of turpentine, charcoal, phoſphorus, war, 


and even ſulphur, to the action of muriatic acid gas. The ſame thing happened 


with dry cork wood, oak, ivory, ether, and camphor. Inflammable gas was alſo 
diſengaged by paſſing the electric ſpark through muriatic acid gas: See Experi- 
ments and Obſervations, Vol. II. p. 280. 

La Metherie affirms, that filings of iron and zinc are diſſolved i in muriatic a. 
cid gas; and that, during their ſolution, inflammable gas is diſengaged. Ac- 
cording to him, charcoal, ſugar, oil, wax, ſulphur, and phoſphorus, after being 
placed for ſome time in muriatic acid gas, leave a reſidue of inflammable gas. As 
this ſubſtance was conftantly evoived during the ation of muriatic acid gas upon 
quicklime, and as quicklime contains no inflammable gas, La Metherie concludes, 


that, in his experiments, this gas muſt have been derived from the muriatic acid. 


See Fal Analytique, p 196. 
Sennebier relates * facts, and has given a ſimilar explanation of them in 2 


memoir, inſerted in Crel!'s Chemical! Journal for 1785. 

Dr. Girtanner has ſince laid claim to the diſcovery of the baſe of the muriatic a- 
cid. He enumerates eighteen experiments in his Ang fangagrunde der Antiphlog i- 
ſehen Chemie to prove that this baſe is bydrogen. It will be ſufficient to men- 
tion the reſults. In experiments iſt, 2d, and 36d, tin, biſmuth, and zinc, were, 
in a high temperature, oxydated and diſſolved in pure muriatic acid. In 4th, 


' wool decompoſed muriatic acid. In 5th, ſulphure of potaſh produced the ſame 


effect. In 6th, 7th, 8th, Toth, Irth, muriatic acid gas was decompoled, in 


aà high temperature, by manganeſe, copper, and iron. In gth, 12th, 19th, 


1 gth, and 15th, alcohol, olive oil, oil of turpentine, and wax, were oxydated 
by the muriatic acid. In 16th, 17th, and 28th, carbon, phoſphorus, and ſulphur, 
in a high temperature, were converted into their reſpective acids by expoſure t* 
the action of the muriatic acid gas. In all theſe inſtances, while the oxygen of the 
muriatic acid, combined with the combuſtible body, hydrogen, the other conflit!- 
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ent part of that acid was conſtantly diſengaged under an elaſtic form, It is to be 
regretted, that, in theſe experiments, Dr. Girtanner ſhould have neglected to men- 
tion the relative proportions of the ſubſtances upon which he operated with the 
products he actually obtained. Weight and meature are now eſſential to every 
accurate chemical experiment ; nor can any analyſis be conſidered as complete in 
which they have not been employed. Muriatic acid, in its gaſcous as well as in 
its liquid ſtate, is known to contain a conſiderable quantity of water. Is it not, 
| therefore probable, that, in the experiments of Prieſtley, La Metheric and Girtan- 
ner, this, not the acid, was the fource from which the hydrogea gas was derived? 

But all uncertainty with regard to the decompoſition of the muriatic acid, in 
chele experiments, has been completely removed by the very accurate experiments 
of Van Mons. T his chemiſt ſaturated two half ounces of muriatic acid, ond with 
the oxyd of tin, the other with tin in its metallic ſtate, During the ſolution of 
the oxyd no hydrogen gas was evolved, yet the quantity of muriat of tin from 
both ſolutions was nearly the ſame, He precipitated the metals by vegetable al- 
kali, and found that the ſame quantity of this ſubſtance was neceſſary to decom- 

poſe the ſalts which had been formed. 

He repeated theſe experiments with zinc, and obtained preciſely the ſame re- 
ſults, Nothing can ſhow more ſatisfactorily that no portion of the muriatic acid 
had been decompoſed, 

The combuſtion of alcohol did not decompoſe any portion of the muriatic acid, 
for the ſame quantity of potaſh was neceſſary to ſaturate the acid after as befere 
the experiment. : | 

Van Mons obtained only a very ſmall portion of hydrogen gas by paſſing mu- 
riatic acid gas through heated glaſs tubes, containing filings of iron, tin, copper, 
or Zinc. | 

Carbon, ſulphur, and phoſphorus, diſengage hydrogen from muriatic acid only 
in a temperature equal to that in which theſe ſubſtances decompoſe water. 

He heated in a glaſs tube muriat of magneſia with phoſphorus in the manner of 
Tennant, but no decompoſition took place, nor was any hydrogen gas evolved. 
The experiment was made alſo with muriat of lime, and with the ſame want of 
effect. See Nachtrage von Scherer, ſ. 442. ä 

8 There are two obſcrvations of Berthollet's which explain, in the cleareſt man- 
ner, the nature of oxygenated muriatic acid; iſt, That if manganeſe, which has 
been previouſly deprived of its oxygen, be diſtilled with muriatic acid, no oxyge- 
nated muriatic acid will be formed; 2dly, That if oxygenated muriatic acid be 
expoſed to the rays of the ſun, the oxygen will be ſeparated under an elaſtic form. 
—The acid, during this ſeparation, returns to the ſtate of common muriatic acid. 
Mere heat, without light, is not ſufficient to produce this effect. 

Oxygenated muriatic acid is likewiſe formed by adding muriatic acid to the ni- 
tric acid, During their combination, oxygenated muriatic acid gas is diſengaged, 
and this diſengagement may be prolonged by the application of heat. 'The liquor 
which remains is the peculiar acid combination known by the name of Agua Re- 
gia, The ſame acid combination will be . by mixing oxygenated muriatic 
xcid with nitrous gas. | 

Acetous is converted into acetic acid by expoſure to oxygenated muriatic acid 
gas. 

The action of this acid, either in its liquid or gaſeous ſtate, upon the other 
acids, has been as yet but little attended to. It has been ſaid to unite with the 
carbonic without altering in any degree the compoſition of that acid. 

The combinations of oxygenated muriatic acid with alkalis, earths, and metals, 
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now form a particular claſs of ſalts. It is ſingular that this acid, in combining 
with the alkaline carbonats excites no efferveſcence. The cauſe of this fact ha 
not yet been ſatisfactorily explained. We are ignorant whether any combination 
takes place between the two acids, or whether the want of efferveſcence may not 
rather be owing to the gradual diſengagement of the carbonic acid and its ſubſe. 
quent union with the water of ſolution. Trommſdorf aſſerts, that the oxygenat. 
ed muriatic acid has no affinity for magneſia. See Annal. de Chem, Tom. XXII. 
P- 218. 

Phoſphorus, in a high temperature, without light, remains unaltered in oxyge⸗ 
nated muriatic acid; but, if the light be admitted, the colour of the acid gradu. 


ally diſappears, while the phoſphorus is changed into phoſphoric acid. 


The oxygenated muriatic acid converts ſulphur, in the light, to ſulphureous 
acid. It produces the ſame change on the ſulphures of the fixed alkalis. During 


theſe proceſf: ., the oxygenated muriatic acid paſſes to the ſtate of common muria- 


tic acid. 
In pouring water, ſaturated with ſulphurated hydrogen gas, into oxygenated 
muriatic acid, Berthollet obſerved, that the properties of this acid were deſtroyed, 


2nd t that ſulphuric acid was formed. If, on the contrary, a ſmall quantity of oxy» - 


genated muriatic acid was added to this water, the mixture became muddy from 
the precipitation of ſulphur. In the firſt experiment, part of the oxygen of the 
oxygenated muriatic acid united with the ſulphur to form ſulphuric acid, and part 
of it with the hydrogen to form water ; but, in the ſecond, the oxygen united on- 
ly with the hydrogen while the ſulphur was precipitated. 

© Oxygenated muriatic acid thickens oils, and animal fats, and renders them let; 
diſpoſed to combine with alkalis. Oil of turpentine, for inſtance, ſeemed to he 
converted by this acid into a kind of reſin, a change analagous to that which i: 
produced in this oil by its combination with oxygen. 

The action of the oxygenated muriatic acid upon metals preſents phenomen: 
extremely curious and important. 'The oxygen of the acid unites with the metal, 
and the oxyd produced is afterwards diſſolved by the muriatic acid. 

Oxygenated muriatic acid, in the ſtate of gas, exhibits lane properties different 
from thoſe which it poſſeſſes in the liquid ſtate. 

If a candle be dipped into this gas, it will burn more rapidly than in common 


atmoſpheric air. 


Phoſphorus inflames ſpontaneouſly in this gas. During the combuſtion, the 
phoſphorus is converted into phoſphoric acid, while the fumes of common muri- 


tic acid are diſengaged. 


In Weſtrumb's experiments, ſulphur was changed by this gas into ſulphureous 


acid, but no inflammation was produced. 
With hydrogen gas it unites with detonation. The reſults of this combination 


are water and muriatic acid, 
Phoſphorated hydrogen gas burns in this gas with a flame more lively than in 


atmoſpherica] air, but leſs ſo than in oxygen gas. 
Carbon in powder inflames in this gas, and is converted into carbonic acid. The 


ſame effect is produced upon common coal in a temperature of. about go of Fak- 
renheit. | 


Camphor was converted into an oily ſubſtance by the oxygenated muriatic acid 


gas, but we are not told whether any camphoric acid was formed, 
Alcohol ſmoked, but did not inflame in this gas; the ſmell of the alcohol be- 


came very agreeable, though no other ſeemed to be produced. 


"Me: als inflame ſpontancoufly in oxygenated muriatic acid gas. In making this 


4 
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experiment, the metallic ſubſtances muſt be reduced to the ſtate of a powder, and 

employed in the proportion of a grain to two cubic inches of gas. During the in- 

fammation the metals are converted into oxyds, while the gas is reduced to the 
tate of muriatic acid, 

Mercury is the only metal which does not inflame in this gas, but it loſes its 
fuidity, and is converted into an oxyd. 

The quantity of the light emitted during inflammation, and the colour of the 
fame vary greatly in the different metals. 

t is not only neceſſary, for the ſucceſs of theſe experiments, that the tempera- 
ture of the oxygenated muriatic acid gas be from 6@ to 70 of Fahrenheit, but alſo 

chat the gas itſelf be in a ſtate of purity. It often receives an admixture of azo- 
tic and carbonic acid gaſes from the manganeſe with which it is prepared. See 
Scheele's Chemical Eſſays, p. 90.; Berthollet Mem. de ! Acad. 1785, p. 276.; Bertbollet 
Elem. de la Teint. p. 23%.; Weſirumb. Annal. de Chem. Tom. VI. p. 24.; Priefiley Ex- 
ger. and Obſer, Vol. III. p. 235.3 Fourcroy Aunal. de Chem. Tom. IV. je 249. ; Ber- 5M 
thollet Ann. de Chem. Tom. XI. p. 3. z 
Weſtrumb, Giobert, and ſome other chemiſts, in diſtilling muriatic acid with 
exyd of manganefe, have at different times obferved a ſmall quantity of oil float- = 
ing on the ſurface of the acid in the receivers. Girtanner attributes the formation 
of this oil to the combination ef che hydrogen, or ba/e of the muriatic acid with 
the carbon of the manganeſe. Berthollet, Feurcroy, and Vauquelin, however, 
acree in ſaying, that this oil is never produced unleſs when fat lutes are uſed to 
confine the oxygenated muriatic acid. See Annal. de Chem. Tom. X. p. 3. 

® The oxygenated muriatic acid, during its action on vegetable colouring ſub- 
2ances, is reduced to the ſtate of common muriatic acid. See Foureroy Ann. de 
Cem, Tom. V. p. 80.; Berthollet Ann. de Chem, Tom VI. p. 210. . 

Several improvements have been made in the method of bleaching firſt intro- 
duced by Berthollet. The principal of theſe conſiſt in combining the acid with 
alkalis or lime. lu this ſtate of combination, it has not been found to corrode, or 
in any way to injure the cloth. This improved proceſs is now employed in ſome 
of the molt extenſive bleaching concerns of this country, and muſt undoubtedly 
he conſidered as one of the moſt valuable donations which modern chemiſtry has 
yet conferred on the arts. See Berthol/et Annal. de Chem. Tom. II. p. 151, Tom, 
VI. p. 204. 3 Kerr Tranſlation of theſe Memoirs ; Hauſſman Ann. de Chem, Tom. 
XI. p. 237.3 Chaptal Mem. de Þ Acad. 1787, p. 611.; Tennant, Repertory of the Aris. 
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III. FLUORIC ACID. 


* Margraaf, in diſtilling fluor ſpar with ſulphuric acid, ſaw, with aſtoniſh- 
ment, that the retort was picrced with numerous holes, and that a portion of the 
receiver was alſo diſſolved. His reſearches are contained in the Berlin Memoirs 
for 1768. | | 

d Spirit of wine imbibes this gas. The filiceous earth which the gas holds is 
ſolution, is not precipitated by this combination, for the ſpirit of wine continues 
limpid, and is as inflammable as ever. 

kluoric acid gas diffolyes camphor, and is abſorbed by ether and by oils. It 
bas no ſenſible effect on nitrous gas. See Prieſley's Exper. and Obſer. Vol. II. p. 
349. | | : 
© Wiegleb has ſhown the fallacy of this opinion by a very accurate experiment. 


— 


* 


wy _ — * 
—— — \ = 
— — — — —ññ̃ — — — 
. 0 ; 
— py — 


rr 


- r _— Fg, F * . "" 
2222 ³ꝛd A 


3 
2 


eee e 


— 


r ———— Bn TR ny ET 


—— FLIRT 


E 
rr 


* 


PP 


—_— ct 


| He weighed his retort and receiver before and after the diſtillation of this 221d, 
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and found, that the loſs which theſe veſſels had ſuſtained, exactly correſponded 
with the weight of the earth which he obtained. Scheele has alſo given a very 
ſatisſactory confutation to the hypotheſis of Montet. This chemiſt maintained, 
that the fluoric was merely ſulphuric acid combined in a peculiar manner with 
the earth of fluor. But Scheele has found by experiment, that the quantity of 
ſulphuric acid remaining in the retort in combination with the calcareous earth of 
the fluor, is alwa ys equal, or nearly ſo, to that which he employed in the experi. 
ment. See Scbeele , Chemical Eſſays, p. t. to p. 67. 7 

4 The fluoric acid has no action on gold, ſilver, lead, mercury, tin, antimony, 
biſmuth, cobalt, nickel, arſenic, and manganeſe, in their reguline ſtate, It diſfolves 
them, however, in that of oxyds. Iron and zinc diſſolve in this acid; and theis 
folution is accompanied by the evolution of hydrogen gas. 


IV. NITRIC ACID. 


2 It would have been more conformable to the principles of the new no- 
menclature, to have denominated this acid from its baſe, the azotic acid. 
d The nitric acid gives a yellow eolour to the fin, to ſilk, and to almoſt all a- 


nimal ſubſtances. Though this acid deſtroys wool and filk, yet linen is little al. 


tered by it, unleſs the linen be afterwards expoſed to the action of the air, Scheffer 
aſſerts, that it may be kept a whole day, without injury, in nitric acid, provided 
it be waſhed immediately with water on being taken out of the acid. See Keir': 
Chemical Dictionary, p. 94. TX 

© It appears from Mr. Macnab's experiments, made at Hudſon's Bay, that ni- 
tric acid may be frozen by expoſure to cold; but its freezing point ſeems to vary 
according to the ſtate of the acid. It is worthy of remark, that the difficulty in 
freezing was by no means in proportion to the ſtrength of the acid, See Phil, 
Trans. Vol. LX XVIII. p. 166. 

d Bergman ſays, that if one fourth of water be added to concentrated nitric 
acid, it will acquire a green, if an equal quantity, a blue colour; but, if more wa- 


ter be added, the acid will again become colourleſs. 


© It continues to give out heat till it has been mixed with three or four time: 
its weight of water. When diluted to this degree, it produces cold by mixing it 
with ſnow. Mr. Walker ſound that the cold, produced by a mixture of ſnow 
and nitric acid, at the temperature of 7“ of Fahrenheit, was ſufficient to freeze 
mercury. See Phil. Tranſ. Vol. LXXXV, p. 270. The ſpecific gravity of tic 
molt concentrated nitric acid is to that of water nearly in the proportion of 19 to 
12. In this ſtate it is ſaid to attract moiſture from the atmoſphere. 

f The addition likewiſe of any acidifiable ſubſtance to colourleſs nitric acid 
ſoon gives it a red colour by depriving it of a portion of its oxygen. A bit & 
cork, for inſtance, produces this effect in a very ſhort ſpace of time. The red 
ſmoking nitrous acid will become again colourleſs if we occaſionally admit to it 
atmoſpheric air; or, more quickly ſtill, if we admit oxygen gas. Eo 

5 The nitro-muriatic acid may likewiſe be formed by diſſolving the muriats of 
foda or ammoniac in nitric acid, or by diſſolving the nitrat of potaſh in muriatic 
acid. | 

Dr. Prieſtley procured it by keeping nitrous gas in contact with muriatic acid 
till about two-thirds of the gas were abſorbed. The acid, by this expoſure, 4% 
quired the property of diſſolving gold with great readineſs, 
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Berthollet remarked, that the nitro · muriatic acid, prepared with nitrous, is 
«eaker than that prepared with nitric acid. See Mem. de Head. 378 5, p. 276. 

TFhis inſtrument, ſo uſeful to chemiſts, is ſubject to many inaccuracies. Ca- 
vendiſh remarks, that there will be a difference in the\reſult with the ſame quan- 
ities of nitrous gas and atmoſpherical air, according t the manner in which'theſe 
gaſes are mixed together. If they be allowed to remain in contact for ſome time 
without agitation, the volume of the reſidue will be different from what it would 
have been had they been agitated immediately on coming into contact. In his 
experiments, a difference was produced in the reſult by mixing the gaſes (in the 
fame proportion) in larger or ſmaller quantities. The reſult of this mixture will 
alſo be modified by the ſtate of the nitrous gas; the quantity of oxygen contain- 
ed in it being found to vary according as the body with which it has been prepar- 
ed has a greater or leſs attraction for oxygen, according to the temperature in 
which it is formed, the length of time it has been kept, &c. 

To avoid theſe ſources of fallacy, chemiſts have had recourſe to other ſubſtan- 
ces leſs variable in their nature than nitrous gas. Morveau has propoſed to employ 
the ſulphure of potaſh as a teſt of the quantity of oxygen gas contained in any ela- 


| ſic fluid, When the gas is pure it is wholly abſorbed. In making this cxperi- 
ment the ſulphure is to be introduced into a retort, containing the gas to be tried, 


and the flame of a candle applied, ſo as to heat it a little. The heat, with gen- 
te agitation, greatly promotes the abſorption, 

From the tendency which muriat of tin has to abſorb oxygen, Pelletier propoſ- 
ed this ſubſtance as a teſt to determine the quantity of oxygen gas contained in any 
elaſtic fluid. 

Phoſphorus has alfo been propoſed ; but this ſubſtance is liable to ſeveral objec- 
tions. The heat excited during its combuſtion is often ſuch as to break the veſ- 
ſels in which the experiment is made, nor can we be at all times certain that the 
oxygen gas contained in any elaſtic fluid has been entirely conſumed by this ſub- 
ſtance, Seguin deſcribes a very {imple mode of trying the purity of any gas with 
phoſphorus. It conſiſts in introducing a bit of phoſphorus into a tube 6 or 7 
inches in length, filled with, and inverted over mercury. The phoſphorus is to 
be melted by heat, and the gas to be tried gradually introduced. We judge of the 
quantity of oxygen which it contains from the quantity of gas conſumed during 
the experiment. This is the apparatus which I.avoiſier employed to aſcertain the 
purity of the gaſes on which he operated. For a more minute account of this 
lubject, ſee Prieſtiey Exper. and Obſero. firſt edition, Vol. III.; Cavendiſh Phil, 
Tranſ. LXXIII. p. 106. ; Lavoifier Mem. de l Acad. 1782, p. 486. ; Seguin Annal. de 
Chem, Tom. IX. p. 293. ; Reboul Do. Do. Tom. XIII. p- 38. ; Pelletier Do. Do. Tom. 
XII. p. 240. Morveau, Nicholſon s Four nal, Vol. I. p. 268.; Hutton Mathematical 
Dictionary, Vol. I. p. 449. 

i The important experiment of Cavendiſh has ſince been repeated by Van Ma- 
rum and by Lavoiſier. 

Van Marum operated on a mixture of ſive parts of oxygen gas with three of 
atmoſpherical air, and continued the experiment till 8 3-4ths cubic inches of gas 
diſappeared, In a ſecond experiment, 14 cubic inches, and in a third 22, were 
converted by the electric ſpark into nitric acid. 

Lavoiſier obtained nitrous gas only by paſſing the electric ſpark through a mix- 
ture of 20 parts by weight of azotic, and 43 of oxygen gas. But when the gaſes 
were in the proportion of 79 of oxygenous to 20 of azotic, he obtained nitric 
acid, Ina proportion intermediate between theſe extremes, nitrous acid was al- 
Ways produced, 
| 2 
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This chemiſt found, that 40 ounces of oxygen gas were neceſſary to convert 66 
of nitrous gas into nitric acid ; and he remarks, that during the combination 
theſe gaſes, only a very ſmall quantity of caloric is evolved. 

Hermbſtadt obſerved, that fuming nitrous acid was changed into nitric, by di- 
ſtilling it over the oxyd of manganeſe. 

Mr. Milner diſcovered another artificial mode of forming nitrous gas, Which 
we have already had occaſion to mention in the note on Ammoniac. It config; 
in paſſing the vapour of ammoniac through an ignited gun barre], containing 
oxyd of manganeſe. The gas which paſſes over is a mixture of nitrous and unde. 
compoſed ammoniacal gas. If atmoſpherical air be admitted to this mixture, the 
oxygenous part of it is abſorbed, and white clouds of nitrat of ammoniac inſtant- 
ly produced. This experiment did not ſucceed with the oxyd of lead. With 
calcined ſulphat of ſoda, hewever, ſome ounces of nitrous gas were obtained, 
Mr. Milner remarks, that nitrous gas, and not nitrous acid, was procured, he. 
cauſe nitrous acid is decompoſed in the temperature neceſſary for the ſucceſs of 
this experiment. | 

The ſame combination has been produced, but in a different manner, by Four. 
croy. He diſſolved ſulphat of mercury in ammoniac, and obtained from the a. 
lution nitrat of ammoniac, nitrat of mercury, and a portion of a triple falt, re. 
ſulting from the combination of ſulphuric acid, ammoniac, and mercury, He 
found alſo, that by diſſolving oxygenated muriat of mercury in ammoniac that a 
triple ſalt is formed, conſiſting of nitric acid, ammoniac, and mercury. In theſ: 
experiments, a part of the azote of the ammoniac unites with the oxygen to 
form nitric acid, while the hydrogen unites with another portion of oxygen to 
form water. Chemiſtry now poſſeſſing, adds Fourcroy, the means of forming 
ammoniac, by decompoling the nitric acid with ſubſtances which have a ſtrong 
affinicy for oxygen, and of forming nitric acid, by decompoſing ammoniac with 
ſubſtances which are highly oxygenated. | 

In pouring concentrated ſulphuric acid on liquid Pruſſiat of ſoda, Vauquelin ob- 
ſerved that an elaſtic fluid was diſengaged, which had the ſmell and colour of 
nitrous gas. It produced the ſame apparent effe alſo when mixed — atmot- 
pherical air. 

The facts which prove the Accs e of the nitric acid are not leſs nume- 
rous. 

Scheele obſerved, that if colourleſs nitric acid be expoſed for ſome days to the 
ſolar light, it becomes of a red colour, while a portion of its oxygen is diſen- 
gaged under a gaſeous form. Dr. Prieſtley found, that theſe chavges could be 
effected in a much ſhorter period by uſing a burning glaſs, | 

If the vapour of nitric acid he made to enter into an ignited earthen tube, oxy⸗ 


gen gas, with an admixture of azotic, will paſs over into the receiver. Nitrous 


gas ſubjected to the ſame proceſs docs not undergo any change. 

If nitrat of potaſh be expoled to heat in cloſe veſſels, its acid will be decompo- 
fed. A very copious extrication of oxygen gas takes place, which is mixed, to- 
wards the latter ſtage of the proceſs, with azotic gas. If the heat be ſufficiently 


intenſe and long continued, pure potaſh will be left in the retort. The weight 


of the two gaſes when collected, will be found to correſpond very exactly with 
the weight of the acid which has been decompoſed. 

Dr. Prieſtley obtained oxygen gas by paſſing the electric ſpark through nitric 
acid; but, in ſome ſituations, a change of a contrary nature takes place. If nr 
trous gas be expoſes to electric ſuecuſſions, nitrous, or nitric acid, is formed, and 
azotic gas diſengaged, If the experiment be made over water, the water #c- 
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quires acid properties; if over a ſolution of potafh, nitrat of potaſh will be 
formed. In all theſe caſes the nitrous gas is reduced tp about one-third of its ori- 
ginal volume, and is after the experiment found to conſiſt chiefly of azotic gas. 
When mercury, however, is uſed to confine the nitrous gas, the gas is decompoſ- 
ed, and the mercury converted into an oxyd. 

The combinations, as they have been termed, of this acid with inflammable 
bodies, exhibit ſome of the moſt ſtriking and curious phenomena in chemiſtry. 
In all of theſe, this acid is conſtantly decompoſed. We are acquainted with only 


four imple bodies which do not produce this effect. Theſe are, the diamond, 


gold, ſilver, and platina. 

If charcoal, deprived by heat of the air which it uſually contains, be put into 
nitric acid, a mixture of carbonic acid and nitrous gas will be evolved. Lavoiſier 
obtained the ſame reſult, by conducting heated nitric acid over charcoal. If ni- 
trat of potaſh be mixed with carbon, and ſubjected to the proceſs of diſtillation, 
carbonic and azotic gaſes are diſengaged. The fame change happens when theſe 
two ſubſtances are expoſed to the naked fire. In all theſe inſtances the oxygen of 
the nitric acid quits its baſe, azote, to unite with the carbon, v — which it 
forms carbonic acid. 

Scheele found, that phoſphorus, by digeſtion in nitric acid, was converted into 
the phoſphoric acid. Lavoiſier prepared a great quantity of the phoſphoric acid 
hy this proceſs, and thinks that it may be employed with advantage when we with 
to procure this acid in a ſtate of purity, Chaptal made a variety of experiments with 
regard to the action of the nitric acid on phoſphorus. If a drachm of ſmoking con- 
centrated acid be poured on two drachms of phoſphorus, a ſpontaneous inflamma 
tion takes place. If a larger quantity of acid be uſed, the phenomena are ſome- 
what different. Small air bubbles appear on the ſurface of the phoſphorus, an 
efferveſcence takes place, and nitrous gas is diſengaged. He remarked, that the 
phoſphorus burns only when it comes into contact with atmoſpherical air; for by 
fixing it down to the bottom of the veſſel containing the nitric acid, it was dis- 
ſolved without any inflammation. In theſe experiments, it ſeems almoſt ſuper- 
fuous to remark, that the oxygen of the nitric acid unites with the phoſphorus 
to form phoſphoric acid. 

Chaptal obtained 4 ounces of concentrated ſulphuric acid, by diſtilling 48 oun- 
ces of pure nitric acid over 2 ounces of ſulphur. The ſulphures of the fixed al- 
kalis decompoſe nitrous gas, by depriving it of its oxygen. The ſulphur is by 
this proceſs converted into ſulphuric acid, which forms a ſulphat of the alkali. 

Pyrophorus inflames in nitrous gas. This is diminiſhed by the inflammation 
about one half in volume, while it is converted into azotic gas, 

Hydrogen explodes. with nitrous gas fully better than with atmoſpherical air. 

Mctallic bodies decompoſe the nitric acid, while the oxygen of the acid unites 
with the metal, and forms an oxyd. The other conſtituent” part of the acid is 
diſengaged in the form of nitrous or of azotic gas. 

Milner found, that by paſſing the vapour of nitric acid through ignited iron 
filings, pure azotic gas paſſed over into the receiver. The reſult was the ſams 
with copper. If the vapours were made to paſs over too quickly, the azotic al- 
ways contained an admixture of nitrous gas. 1 Prieſtley expoſed iron filings 
in nitrous gas to, the action of a burning glaſs. The gas was decompoſed, and 
the iron converted into an oxyd. Van Marnm remarked, that tin, lead, iron, 
and mercury were all oxydated, by taking the electric ſpark in contact with 
them in nitrous gas. Iron long 8828575 to nitrous gas gives out ammoniac. Tha 
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azote in this inſtance can only be derived from the nitrous gas, the hydrogen frm 
the decompoſition of water. This decompoſition is more quickly effected, by 
putting bits of iron in a ſolution of copper in the nitric acid. Mororzo convert. 
ed mercury into an oxyd, by fimple agitation in nitrous gas. 

Oils, as we ſhall afterwards have occaſion to remark, poſſeſs the property of 
decompoſing nitric acid, Some of them do this with a rapidity, heat, and flame 
which is truly aſtoniſhing. Moſt of the eſſential, and even ſome of the fixed oils, 
affame an orange colour, and thick reſinous conſiſtence, from the action of nj. 
trous gas. The reſidue, after theſe changes, is ſaid to be azotic gas. 

We ſhall afterwards have occaſion to remark, that many vegetable ſubſtances 
are converted into acids by decompoſing the nitric acid. Similar changes are 
produced by its action on animal ſubſtances. But theſe will require a more minute 
conlideration than can with propriety he given to them in this place. See Can. 
die Phil. Tranſ. Vol. LXXIV. p. 119. Vol. LXXV. P- 372. Vol. EXXVII. p. 
261.; Fan Marum Journ. de Phy. Juillet 1787, p. 348. ; Lavolſiir Alem. de I Acad. 
1776, p. 671.; Prieſtley Exper. and Oßſer. Vol. I. p. 328. Vol. II. p- 2. Vol. III. p. 1. 
Chaptal Mem. de Acad. 1779. p. 454-3 Lavoiſier Do. Do. 1778, p. 535.; Luvolſer 
Do. Do. 1780, p. 349.; Beribollet Do. Do. 1781 p. 21, 228, 234. Milner Phil. Tray, 
Vol. LXXIX. p. 300. ; Fourcrry Annal. de (hem. Tom. VI. p. 293. 

k There is ſtill another combination of azo e with oxygen which deſerves to 


be mentioned. It was firſt diſcovered by Dr. Pricitley ; but its nature and pro- 


perties have been ſince more minutely inveſtigated by a ſociety of Dutch chemiſts, 

A candle burns in this gas with an increaſed and lively flame. It is diſtin 
guiſhed from nitrous gas by producing no viſible change on atmoſpherical air, 
Nitrous gas has no action on this ſubſtance ; neither dots it ſuffer any change by 
mixing it with oxygenated muriatic acid gas. Dr. Prieftley favs, it is lighter than 


atmoſpherical air. Water abſorbs about one-half its own bulk of this gas, but 


does not from the abſorprion acquire any marks of acidity. It retains all its pro- 
perties unchanged, after being again expelled from the water by heat, This gas 
has no apparent action on any of the alkalis. The addition of a little ammoniac 
to water, prevents it from being abſorbed by that liquid. It is very noxious 19 
animals. If lighted phoſphorus, charcoal, or ſulphur, be introduced into this gas, 
they are inſtantly extinguiſhed, without any previous increaſe of flame. It ex- 
plodes, however, violently with hydrogen gas. It ſeems to be decompoſed by 
expoſure to a high temperature; for after being ſubjected to this, its volume is 
conſiderably diminiſhed by mixing it with nitrous gas. Similar effects are pio- 
duced on it by frequent ſuccuſſions of the electric ſpark, 

Dr. Prieſtley, from ſome theoretical opinion which he entertained with regard 
to the nature of this gas, gave to it the name” of depblagiflicated nitrous air. The 
Dutch chemiſts, in conformity with the principles of the new nomenclature, cal 


it the poſer oxyd of azots. The propriety of the latter appellation will appear, by 


conlidering ſome of the circumſtances in which it is formed. 

If nitrous gas be kept for ſome time in contact with iron filings which Jar? 
been moiſtened with water, it ſuffers a conſiderable diminution of volume, and is 
converted into the gaſeous oxyd of azote. 

| Nitrous gas placcd over ſolutions of the ſulphures of potaſh and ſoda, afforcs 

e ſame gas. During this converſion, the nitrous gas is diminiſhed about two- 
W rds in volume. 


M uriat of tin in contact with nitrous gas changes it into the gaſcous oxyd 0: 


22 8t , in conſequence ef the great affinity winch this ſubſtance has for oxygen. 
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The gaſeous oxyd of azote may likewiſe be obtained, by keeping nitrous gas in 
contact with a weak ſoluyion of tin in ammoniac. The copper in this folution is 
| known to poſſeſs the dal of attracting oxygen from the atmoſphere. 

This gas is procured, though in a leſs pure ſtate, by paſſing nitrous gas through 
melted ſulphur, which is kept in a red heat. 

If phoſphorated hydrogen gas be mixed with nitrous gas, the volume of the 
two gaſes will be diminiſhed in the courſe of an hour or two, and a candle will 
then burn in the reſidue, as in the gaſeous oxyd of azote. 

This gas is like wiſe obtained in circumſtances ſimilar to thoſe in which nitrous 
gas is obtained; and there is reaſon fo believe, that in many inſtances theſe two 
fluids have been miſtaken for each other. The Dutch chemiſts found, that in diſ- 
ſolving iron filings in a mixture of diluted ſulphuric and nitric acids, hydrogen 
gas was firſt evolved, then the gaſeous oxyd of azote, and aiterwards nitrous gag 

The ſolution of iron, zinc, and tin in diluted nitric acid, is accompanied with 
the diſengagement of the gaſeous oxyd of azote, If the acid be employed in ths 
concentrated ſtate, nitrous gas alone will be produced, 

The gaſeous oxyd of azote is formed during the ſolution of tin in diluted 
nitro-muriatic acid, but in leſs quantity than when nitric acid is employed. 

This gas 1s produced alſo in great abundance, by heating nitrat of ammoniac 


in cloſe veſſels with three times its volume of ſand. The ſand is uſed to prevent 


too rapid difengagement, which would otherwiſe take place. 

It appears from theſe experiments, that the gaſ:ous oxyd of azote is uniformly 
produced, when ſubſtances having a ſtrong; affinity for oxygen are brought into 
, contact with nitric acid, or with nitrous gas; and conſequently, that it differs 
from theſe ſubſtances in containing a leſs quantity of oxygen. The Dutch che. 
miſts have endeavoured to afcertain the proportion of oxygen in this ſubſtance, 
by the quantity of hydrogen which it is-able to conſume. In a 100 parts of this 
gas, according to their eſtimate, the proportion of the oxygen was to that of 
the azote as 37 is to 63. It ſeems only neceſſary to add to this account, that the 
oxygen in the gaſeous oxyd of azote appears to be very cloſely combined with the 
azote, ſince it can neither be ſeparated by the ſulphures of alkalis, muriat of tin, 
ſulphur, phoſphorus, nor carbon. It is ſome what ſingular, that hydrogen ſhould 
alone poſſeſs this property. During its detonation with ſulphurated and phoſ- 
phorated hydrogen gaſes, the hydrogen alone was conſumed. 

Azote, the ſeparate exiſtence and peculiar nature of which were firſt diſcovered 
by Dr. Rutherford, appears, therefore, to be capable of being united to oxygen 
ui the following proportions : 


Oxyxen. Azote, 
Nitric acid, - 79 + 23 
Nitrous acid, - 75 + 25 
Nitrous gas, 1 68 — 32 
Gaſeous oxyd of azote, 37 — 63 
Atmoſpheric air, 27 + 73 


See Prieſiley's Exper. and Ober. Vol. II. p. 54.; Deiman, Trootzwick, c. Fourng, 
& Phy/. Juillet 1793, p. 321. Rutherford De Acre Mephitico, p. 19. 


V. SULPHURIC ACID. 


* From this property of the ſulphuric acid, it has been propoſed to employ it 
as a byorometer, to aſcertain the quantity of moiſture contained in any given por- 
ton of the atmoſphere, But the quantity of moiſture abſorbed by this acid 13 
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found to vary, according to the ſtrength of the 4014 the extent of ſurface exo 
poſed, its temperature, &c. : G 

b The congelation of the ſulphuric acid by cold, is a fact that was known to 
many of the older chemiſts. It is mentioned in the works of Kunkel, Bohn, 
Boerhaave, and Newman. Morveau found, that concentrated ſulphuric acid he. 
gan to congeal at — 16? of Reamur's ſcale. It was changed in freezing into a 
whitiſh maſs fimilar to ſnow. The acid at the bottom of the veſſel was not 


congealed. On dropping a bit of iron, or even calcareous earth, into this acid, 


no efferveſcence, no apparent action, was produced, owing, as Morveau ſuppoſes, 
to the extreme low temperature of the acid. In this ſtate alſo it was not diſco. 
loured by vegetable or animal ſubſtances. Sulphuric acid frequently aſſumes the 
concrete ſtate in degrees of temperature conſiderably above that of freezing was 
ter. Morveay oh ved, that ſulphuric acid which had been once congealed, un. 


derwent that change afterwards in a higher degree of temperature than acid 


which had never been congealed. The ſame obſervation was made by Mr. 
M*Nab, in his experiments at Hudſon's Bay. The difficulty of congelation in 
this, as in the nitric acid, does not at all feem to depend on the ſtrength of the 


acid This will appear very evident from the following ſtatement : 


Sulęburic acid of the ſtrength of At the temperature of 
977 © froze . + 1? 
918 — = - — 20 
75 8 - — - — 45 


The temperature produced by this combination is often ſo high as to boil 
water. Lavoiſier and La Place mixed two pounds of concentrated fulphuric acid 
with one and a half of water, at the temperature of zero. The heat reſulting 
from this combination melted three pounds, two ounces, twe gros of ice; a quan- 
wy equial to what would have been melted by two _— five ounces, ſeven groz 
Srty five grains of boiling water. 


d There is only a very few oi the metals that are direQly ſoluble in concen- 


trated ſulphuric acid. If iron and tin be diſſolved in ſulphuric «cid, theſe metal; 
deprive it of its oxygen, while ſulphur, the other conſtituent part of the acid, 1s 
diicngaged. But with moſt of theſe bodies the preſence of more or leſs water in 
the acid is required. In this caſe it becomes evident, from the evolution of hy- 
drogen gas, that it is the water, and not the acid, which is decompolcd. 

Fourcroy has lately had occaſion to change his opinion reſpecting the action of 
the ſulphuric acid on vegetable and animal ſubſtances. In an excellent memoir 
which Vauquelin and he have publiſhed on this ſubject, theſe chemiſts aſſert, tha! 
during this action no decompoſition of the acid whatever is produced, They at- 
tribute the changes which occur to the new affinities introduced among the conlli- 
tuent parts of the animal and vegetable ſubſtances. If the acid be added to 2 
vegetable ſubſtance, it becomes dilured, a proof that water has been formed, 
Acetous acid will be found to exiſt in the product, and a portion of pure carbon 
will be ſeparated in the ſolid form. 

Animal bodies, in addition to the carbon, hydrogen, and oxygen of which ve 
getables conſiſt, are found to contain a quantity of azote. When ſulphuric acid, 
therefore, is added to animal matter, the azote unites with a portion of the hy 
drogen to form ammoniac; while another portion of the hydrogen unites with 
the oxygen to form water, dee Aunal. de Chem, I om. XXIIL p. 186. 
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e Prieſtley, Berthollet, and Bergman aſſert, that ſulphuredus acid depoſits 4 
portion of ſulphur when expoſed fo a high temperature, and that by this means it 
is converted into ſalphuric acid. Foureroy tried repeatedly to effect theſe chan- 
ges, but without ſucceſs. 

Oxygen gas, in the ordinary temperature of the atmoſphere, combines, though 
very ſlowly, with ſulphureous acid. This combination is promoted by the pre- 
ſ:nce of moiſture; but it is not ſufficient to change this acid into ſulphuric. In 4 
high temperature, on the contrary, the oxygen combines readily, and fulphuris 
acld is immediately formed, 

Sulphurcous acid gas combin's readily with water cooled down to the freezing 
point by ice. During this combination, the ice is ſpectily melted. If the liquor 
formed be expoſed to a high tetnperature, it begins to boil, a number of ſmall air 
bubbles rife to the ſurface, and the liquor loſes by this operation a part W ito 
odour and acidity. 

This gas combines readily with ſulphuric acid in a low temperature. The mix- 


ture produced, freezes a few degrees below zero. When a piece of this ſolid ſalt 


ij laid on a warm glals plate, t efferveſces, and ſoon becomes liquid and odorant, 


Oils imbibe ſulphureous acid gas in the proportion even of ſix or eight times 


their own volume. It is imbibed alſo by ſulphuric ether, and poſſeſſes the pro- 
perey of diſſolving camphor. See Bertholiet Mem. de l Acad. 1782, p. 319. 
Berthollet Aun. de Chem. Tom. II. P- 54+; Lawvoifier Mem. dt P Acad. 1777, E. 
398.; Fourcroy, Nicholſon's Journ. Vol. J. p. 313. 

f Dr. Prieſtley obſerved, that by burning ſulphur in atmoſpherical air, the air 
was diminiſhed T-I6th ; and that the water over which the experiment was made 
had acquired an acid taſte. Scheele found, that atmoſpherical air was diminiſhed 
1-6th, and oxygen gas 3-4ths, by the combuſtion of ſulphur. And Kirwan adds, 
that during this proceſs 100 grains of ſulphur abſorbed 420 cubic inches of ox 
gen gas. But it is to Lavoiſier that we ate indebted for the firſt accurate accourr 
of the compoſition of ſulphuric acid. 

This chemiſt found, that atmoſpherical air was diminiſhed from 1-8th to I-1oth 
of its volume by the combuſtion of ſulphur ; while, at the ſame time, a quantity 
of concentrated ſulphuric acid was formed. The weight of this acid correſpond- 
cd cxactly with the ſum of the weights of the ſulphur and oxygen gas confumed. 

We have already had occaſion to mention the formation of ſulphuric acid, by 
difilling nitric acid with ſulphur. This proceſs was known in the laſt century, 
and is deſcribed * Motte la Favenr in a work publiſhed in 1671. See Jcurn. ue 
Pb. Jan. 1789, p. 74. The ſulphureous acid Ifkewiſe attracts oxygen =o the 
nitric acid, and is by this converted into ſulphuric acid. 

If a drop of water be let fall on heated ſulphur, the water will be decompoſes, 
hydrogen gas evolved, and ſulphuric acid produced. If we melt ſulphur and 
either of the fixed alkalis by heat, pulverize the mals, and expoſe it in open vet- 
cls to a Now fire, the ſulphur will combine with the oxygen gas of the atmo- 
ſphere, and a true fulphat of ſeda or potaſh will be produced. 

Sulphuric acid is produced by diſtilling oxygenated muriatic acid with ſulphur, 
if the oxygenated acid in its gaſeous ſtate be brought into contact with fulpau» 
zeovs acid gas, the two gaſes loſe their elaſticity, and become liquid. When 
theſe acids are added together in the liquid ſtate, their colour and peculiar odoyr 
diſappear, and the mixture produced is found to conſiſt of ſulphuric and muriatic 
acids, Mor veau ſays, this effect takes place even without heat. 

Sulphureous acid is leu ife formed, * diſtilling ſulphur with the oxyds 07 
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mercury, lead, iron, tin, and manganeſe. During this proceſs, the ſulphur ſeizes 
on the oxygen of the oxyd, while the oxyd is more or leſs completely reſtored to 
the ſtate of a metal. 

We have {till another proof of the formation of the ſulphuric acid, in what has 
been termed the vitriolization of martial pyrites. This ſubſtance conſiſts of iron 
and ſulphur. On being cxpoſed to a moiſt atmoſphere, the ſulphur and iron ab. 
ſorb oxygen gas, and are by this proceſs converted into a ſulphat of iron. Sec 
Haſſenfrats Fourn. de Pb. /. Jeun 1787, p. 417. 

Nor are the proofs of the decompoſition of ſulphuric acid leſs numerous, In 
diſtilling equal quantities of concentrated ſulphuric acid and iron filings, Monnet 
obſerved, that ſulphur was ſublimed into the neck of the retort, During this 
proceſs, a portion of the 1 iron had bcen oxydated, and had united with the acid to 
form a ſulphat of iron. 

In diſſolving four ounces of mercury in fix of concentrated ſulphuric acid, La- 
voiſier obtained ſulphureous acid gas with an admixture of atmoſpherical air, and 
ſome oxygen gas. He expoſed two ounces of the ſulphat of mercury to a high 
temperature, and obtained a ſmall quantity of ſulphurcous acid bas with 87 cubic 
inches of oxygen gas. 

In diſtilling concentrated ſulphuric acid with iron, Dr. Prieſtley ERS a great 
quantity of ſulphureous acid, and only a very {mall quantity of hydrogen gas. 

Sulphuric acid is ſaid to give out oxygen gas, and to become coloured and 
fuming by expoſure to the rays of the fun. 

Trootzwick and Deiman obtained oxygen gas, by paſſing the electric ſpark 
through concentrated ſulphuric acid. Van Marum found, that the volume of 
the ſulphureous acid gas was diminiſhed by the paſſage of this fluid. And Dr, 
Prieſtley remarked, that in making this experiment the inſide of the glaſs was 


covered by a blackiſh ſubſtance. 


Iron immerſed in fulphureous acid gas, and expoſed to the rays of the ſun in 
the focus of a burning glaſs, becomes oxydated, while a portion of the ſulphur is 
depoſited on the ſides of the veſſel in which the experiment is performed. 

Geoffroy long ago underſtood the method of decompoling the various combina- 
tions of the ſulphuric acid, by diſtilling them with oil, ſpirit of wine, reſin, car- 
bon, &c. He remarked, that in his experiments a quantity of ſulphur was al- 
ways produced. | 

Metals in the ſtate of powder decompoſe, in a ſtrong heat, the ſulphat of pot- 

aſh. They unite with the ſulphur, and form a kind of artificial pyrites. 
Van Mons decompoſed ſujphuric acid, by digeſting powder of charcoal fer 
ſome time in a ſolution of ſulphat of potaſli. During this proceſs, carbonic acid 
gas was evolved. By paſſing the ſulphuric acid through ignited charcoal, the 
fame eſſect is produced. This decompoſition does not take place in the cold. 

Sulphat of potaſh expoſed to the action of a burning glaſs in hydrogen gas, 13 
converted to the ſtate of a ſulphure or hepar, The hydrogen in this experiment 
combines with the oxygen of the ſulphuric acid to form water. 

If ſulphureous acid gas and hydrogen gas be paſicd through a well heated glaſs 
Or porcelain tube, in the proportion of three parts of the latter to one of the 
former, the ſulphureous acid gas will be decompoſed, ſulphurated hy drogen gas 
produced, and a quantity of ſulphur depoſited in a ſolid form. 

Sulphureous acid gas is decompoſed by phoſphorated hydrogen gas, As ſoon as 
the gaſes come into contact, white fumes appear, and they loſe their elatticity. 
A yellow matter is depoſited, which ſeems to conſiſt of a mixture of phoſphorus 
and ſulphur. In this experiment, the hydrogen alone combines with the 9.507, 
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gulphurated hydrogen gas alſo decompoſes ſulphureous acid. The hydrogen 
unites wich the oxygen of the acid, and the ſulphur is depoſited. The ſanie ef- 
fects happen when theſe ſubſtances are diſſolved in water. If they be mixed in 
proper quantities, the odour peculiar to both will be completely deſtroyed. See 
Morveau, Article Acide Vitriolique, Eucyclopedie Methodigue, p. 353-3 Scherer 
Grundsi.ge, f. 107. 3 Scherer Nachtrage, f. 374. be” | 

s Another combination of ſulphur with oxygen has been deſcribed by ſame 
chemiſts, The proportion of oxygen which it contains is ſaid to be greater than 
that of ſulphuric; and hence it has been termed oxygenated ſulphuric acid. It muſt 
be confeſſed, however, that the exiſtence of this combination is ſtill a matter of 
doubt, ſince ſome of the moſt reſpectable chemiſts have in vain tried to pro- 
cure it. See Gisbert Ann. de Chem, Tom. XI. p. 178. ; FVauguelin An. de Chem, T. 
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CHAPTER Th 
ORDER II. SECONDARY, oR NEUTRAL SALTS, 


Uxnpex the name of ſecondary ſalts, we comprehend ſuch mat- 
ters as are compoſed of two primitive ſaline ſubſtances combined 
together. Thele falts are called neutral, becauſe they do not 
poſſeſs the characters of primitive ſalts; that is to ſay, they are 
neither acid nor alkaline. There are, however, many ſalts, ſuch 
23 borax, chalk, and alkalis, when united with the carbonic acid, 


which exhibit ſome of the properties of primitive ſalts, though in 


a leſs eminent degree. Theſe ſecondary ſalts have not ſo itrong 
a taſte as moſt of the primitive, their tendency to combination, 
and their ſolubility being leſs conſiderable; but the "criterion 


which diſtinguiſhes them more efpecially from the former is, 


that they cannot, like the primitive ſalts, communicate the ſaline 
properties to other bodies; their cryſtalline form is likewiſe a 
character much attended to by naturaliſts, and ſometimes indi- 


cates their nature, though it may be productive of error when too 


much depended upon. 
The term, baſe, is commonly aovlind to the more fixed mat- 
ter which enters into the compoſition of neutral falts. As this 


baſe, which is ſometimes volatile, communicates ſeveral general 


characters, ſufficiently uniform in the ſeveral combinations it 
makes with acids, we ſhall-aſſume the name of the baſe to di- 
ſtinguiſn the genera of ſecondary ſalts, and ſhall therefore divide 
theſe ſalts into as many genera, as there are ſaline or alkaline ba- 
les capable of being united with acids. 

The farſt genus comprehends ſuch as are formed by the union 
of fixed alkalis with acids. We ſhall call them perfect neutral 
falts, becauſe the union of their component parts is very inti- 
mate. 

The ſecond genus utes ſuch as are formed by the combi- 
ration of the volatile alkali or ammoniac with acids. They are 
diſtinguiſhed by the name of ammoniacal falts, from that which 
has been given to their baſe by later chemiſts, They may like- 
wile be called imperfect falts, becauſe they are much more eaſily 
decompoſed than ſalts of the firſt genus. 


in the third genus are arranged ſuch neutral ſalts as have lime 
for their baſe. They are in general leſs perfect than thoſe of the 
ſecond genus, though lime has a ſtronger affinity to acids than 
ammoniac. Theſe ſalts are denominated neutral calcareous ſalts. 

Magnefia, combined with various acids, conſtitutes the fourth 
genus. They are more decompoſable than thoſe of the laſt men- 
tioned genus, becauſe lime and alkalis have a ſtronger affinity 
with acids than magneſia. They are diſtinguiſhed by the name 
of magneſian neutral ſalts. 


The fifth genus comprehends ſuch as have pure argillaceous 


darth or alumine for their baſe. As alum is the principal of theſe 

combinations, the generic name of aluminous ſalts is given to them. 
Alkalis, lime, and magneſia, in moſt inſtances, decompoſe lalts 
with an aluminous baſe. 

Laſtly, We arrange in the fixth genus, neutral falts, with a 
baſe of barytes or ponderous earth. Theſe ſalts, as well as moſt 
of the two preceding genera, are little known. We ſhall oo 
them barytic ſalts. 

It may eafily be imagined, that theſe baſes, POP Coy with the 
acids, whoſe properties we have examined, muſt afford a great 
number of neutral ſalts; and that this number would be ſtill 
more conſiderable, if, with Bergman, we were to admit, as pe- 
culiar ſalts, the union of the ſame ſubſtances with the acids which 
he calls phlog? i/licated, and are, according to the modern doctrine, 
deprived of a part of their oxygen. But theſe compounds not be- 
ing durable, but, on the contrary, ſubject to alteration, by the 
contact of air, which cauſes them in a ſhort time to become true 
neutral ſalts, I have not judged it neceffary to add them to the 
number, but ſhall point out ſuch of their different properties as 
depend on the ſtate of their acids. We muſt likewiſe obſerve, 
that the alkaline baſes here enumerated, when combined with 
aqua regia, afford nitrous and marine ſalts, which may be ob- 
tamed ſeparate, and are perfectly fimilar to thoſe afforded by the 
unmixed acids; we ſhall therefore ſpeak of theſe combinations 
in treating of thoſe of the ſimple acids. As we have not hither- 
to examined any but the ſix principal acids, we ſhall treat only 
of the neutral ſaline combinations of theſe. 

In the arrangement of the various neutral ſalts, we have fol- 
lowed the order of the affinities of the acids. That is to ſay, we 
begin with 9 ſalts, after which we place nitric falts; and 
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after them, the ſalts into which the muriatic, the boracic, and the 1 
fluoric acids enter; and, laſtly, we ſhall finiſh theſe details with | 
the ſalts which contam carbonic acid, becauſe that acid is the 
weakeſt of them all. To denote all theſe falts, we ſhall adopt 
names compoſed of the acids and their baſes, in order that this 
nomenclature may expreſs the nature of each, and that there may 
no longer be any error on. this point; we ſhall be careful to join 
2 table, to exhibit the different names which each neutral ſalt has 
received at different times. 


Gzxvs I. Perfect Neutral Salts, or Salts with Baſe of fixed 
Alkali. 


. Z. Sulphat of Potaſh. 


Sulphat of potaſh, led likewiſe vitriolated tartar, fal e do- 
Bus, polychreft ſalt, or arcanum duplicatum, is a perfect neutral ſalt, | 
reſulting from the combination of the ſulphuric acid with potaſh, 
as its name indicates. It rarely exiſts in the mineral kingdom, 
but ſome vegetables contain a ſmall quantity of it. 

This falt is uſually tranſparent and regular; its cryſtals vary in 
form and magnitude, according to the circumſtances in which 
they are obtained. When cryitallized ſlowly in the ſmall way, 
it has the figure of tranſparent pyramids, with ſix ſides, nearly 
ſimilar to the points of roſe diamonds, and ſometimes fix-fided 
priſms, terminated by one or two hexahedral pyramids, like 
rock cryſtal. But if the evaporation be conducted with rapidity, 
the cryſtals are agglutinated and confounded, under the form of 


a ſolid cruſt, whoſe ſurface is full of irregylar points or pyramids: 5 
the ſalt met with in commerce is of this kind. LZofely, When 

the ſolution is expoſed to ſpontaneous evaporation, the cryſtals be 
are frequently twelve- ſided, conſiſting of two hexahedral pyramids, f 
united at their common baſe, and ſometimes ſeparated by a ſho. of 


ſix-fided priſm. It is true, that theſe laſt cryſtals are uſually fov, 
and never poſſeſs either the whiteneſs or the tranſparency of ſuch 
AS arg obtained by the firſt evaporation, But this difficulty exilts 
in moſt of the neutral ſalts, in which the moſt regular figure, 
and the moſt perfect tranſparency, are ſeldom united. 
Sulphat of potaſh has a bitter, diſagreeable taſte, It 18 not 
much altered by the action of heat; when thrown on xed-lv: 


a » - 
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coals, it flies into a number of ſmall fragments, attended with 
noiſe 3 this phenomenon, called decrepitation, depends on the 
ſudden rarefaction of the water contained in its cryſtals, Sul- 
phat of potaſh loſes none of its eſſential properties by this decre- 


pitation. It decrepitates in the ſame manner, and becomes dry, 


friable, and even pulverulent, by the loſs of its water, when ex- 


poſed to the action of heat in a crucible. It becomes red-hot be- 


fore it melts, and is not fuſed but by the application of a conſi- 
derable degree of heat. The melted maſs, when ſuffered to cool, 
is opaque, and not at all changed in its principles; for ſolution 
in water reſtores its cryſtalline and tranſparent appearance. If it 
be kept in ſtrong fuſion, in an 2 veſſel, it is volatilized with- 
out decompoſition. 

Sulphat of potaſh is not de by expoſure to air, but pre- 
ſerves its figure and tranſparency without alteration; it is ſpa- 
ringly ſoluble in water; and the quantity taken up varies conſi- 
derably with the temperature of the fluid. According to Spiel- 
man, about 18 parts of cold water are required to diffolve one of 
ſulphat of potaſh, whereas boiling water diſſolves near one-fourth 
of its weight z for Baume aflerts, that 4 ounces of boiling 
water diflolye more than 7 gros 48 grains of ſulphat of potaſh*; 
it cryſtallizes partly by cooling, and {till more by evaporation: it 
retains but a ſmall proportion of water in its cryſtals, which ſeems 
to be the cauſe why it does not change by expoſure to air. 

Sulphat of potaſh does not act on the ſimple earths : it has 
been obſerved, that the ſulphat of potaſh caſually contained a- 
mong the ſalts uſed as fluxes in the making of glaſs, 1s found 
again in the ſcoriæ; and a conſiderable quantity may be obtain- 
ed from glaſs gall. 

Barytes decompoſes ſulphat of potaſh, according to Bergman, 
becauſe it has a ſtronger affinity than potaſh to the ſulphuric acid. 
If a ſmall quantity of this earth be added to a ſolution of ſulphat 
of potath, a precipitate is formed, conſiſting of ſulphat of barytes 
or pouderous ſpar, which is perfectly infoluble, and will be exa- 
mined under that baſe ;z the potaſh, in its cauſtic and pure ſtate, 
remains diſſolved in the liquid. 

Lime and magneſia produce no change in ſulphat of potaſh; 


o 
Pm——_ 


* That is to ay, 2304 grains of boiling water, diſſolve 552 of vitriolated tar- 
tar, T. ; | 


— —— 
— CB cs — 
Dies 


A Wes 
. — "YA 
— 4 


— — —— 
—— —— 


— p — 
TT ' TTC 


— 
— —— — a 44 FER 
——— — 0 

— — a4 I — 


———ñ— ——— — 2 — — 


444 svrfnar OF PorasRH. 


but many acids have a very conſiderable action on it. Rouelle 
firſt aſſured us, that it is poſſible to combine a larger quantity 
of ſulphuric acid with it than it naturally contains. His pro- 
ceſs conſiſted in diſtilling concentrated ſulphuric acid over ſul- 
phat of potaſh; the latter thus becomes impregnated with the 
acid, and acquires new properties, ſuch as thoſe of reddening 


tincture of violets, of being more ſoluble in water, acid taſte, 


and of efferveſcing with alkalis, ſaturated with carbonic acid, 
even after ſolution and cryſtallization. Baume infiſts, that this 
fuperabundant acid is not really combined, and that the ſalt 
may be deprived of it, by being placed on bibulous paper, or 
fand. Macquer, however, remarks, that the ſulphuric acid 
adheres with conſiderable force to ſulphat of potaſh, and think; 
that this adherence ariſes from a peculiar affinity between theſe 
two ſubſtances, ſince, according to him, it cannot be deſtroyed 
by the action either of fire or water. I have ſeveral times made 
this combination of ſulphat of potaſh and concentrated ſulphuric 
acid, after the mannner of Rouelle, namely, by diſtillation in glaſs 
retorts, and have obſerved ſeveral facts not mentioned in the 
learned diſſertation of that author. The ſulphat of potaſh is 
melted into a kind of glaſs, of the appearance of white enamel, 
of a very acid taſte ; but this vitreous frit did not attract the hu- 
midity of the air, but, on the contrary, exhibited appearances of 


effloreſcence, when the acid formed only a fourth of the whole. 


The opinion of Macquer, that the adherence between this neu- 


tral ſalt and the acid is conſiderable, appears to be well founded, 


and doubtleſs ariſes from a peculiar combination, 

Baume has obſerved, that ſulphat of potaſh is remarkably al- 
feed by the acid of nitre; if this fluid be boiled on the falt, 
the nitric acid ſeizes the potaſh, and diſengages the ſulphuric 
acid. When the mixture is cooled, a cryſtallization of true nitre 
is perceived. It was at firſt concluded, that this decompoſition 
Is the effect of heat; but the fuming ſpirit of nitre, poured on 
ſulphat of potaſh in powder, depoſits cryſtals of nitre at the end 
of a few hours. It has likewiſe been affirmed, that when the 
mixture becomes cold, the ſulphuric acid reſumes its power, and 
decompoſes the nitrat of potaſh in its turn. I have neverthclels 
kept by me, for ſeveral years, a mixture of ſulphat of potaik, 
and ſpirit of nitre, at the bottom of which are ſaline eryſtals, 
capable of detonating on hot coals, Which are not changed; 
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though they are immerſed in the ſulphuric acid, ſeparat by the 
nitrous. Cornette has obſerved, that the concentrated muri- 
atic acid likewiſe decompoſes ſulphat of potaſh, even in the cold. 
From theſe two facts, it ſeems, that the law of affinity, with re- 
ſpect to the different acids, is not ſo conſtant as has been thought: 
it muſt, however, be obſerved, with Bergman, ½, That no more 
than one third of the ſulphat of potaſh is decompoſed in theſe 
experiments. 24, That theſe decompoſitions do not take place, 
unleſs the ſulphat of potaſh contains a ſmall proportion of acid 
more than is neceſſary for its neutralization *. 3d, That the af- 
fnity of ſulphat of potaſh for ſulphuric acid, is the true cauſe of 
theſe decompoſitions, and that the ſulphat of potaſh . 
ſed, is very acid. | 

There is a decompoſition, of ſulphat of potaſh, which requires 
to be more particularly attended to, and is effected by combuſti- 
ble bodies, particularly charcoal, and ſeyeral metallic ſubſtances +. 
If a mixture of this ſalt and charcoal be ſtrongly heated in a cru- 
cible, the ſulphat of potaſh will no longer appear, but a combi- 
ration of ſulphur, united to fixed alkali, will be found in its 
ſtead, Stahl regarded this experiment as a very proper de- 
monſtration of the preſence or exiſtence of phlogiſton. Modern 
chemiſts account for the fact by the pneumatic theory. We 
ſhall explain both in the Hiſtory of Sulphur. 

One hundred parts of cryſtallized ſulphat of potaſh contain, 
according to Bergman, about 52 parts of potaſh, 49 of ſulphuric 
acid, and 8 of water of cryſtallization, 

This ſalt rarely exiſting in conſiderable quantities in nature, is 
produced artificially for the purpoſes of medicine. There are three 
methods of doing this: firſt, By directly combining ſulphuric 
acid with potaſh, ſulphat of potaſh is immediately produced, 
which may be cryſtallized by ſolution in water. The ſecond 
method is, to decompoſe, by the ſulphuric acid, ſuch neutral ſalts 
33 are produced by the union of potaſh with other acids, ſuch as 
the nitrat, the muriat, and carbonat of potaſh, &c. in theſe de- 
compoſitions, ſulphat of potaſh is always produced. The third 
method is, to decompoſe the earthy and mctallic ſulphuric ſalts by 


Ces tees 
F _— — 
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* This curious ſubject is ably treated of by Bergman, in his Diſſertation on 
Pictive Attractions. See page 47, Engliſh edition. 
F See my Memoires de Chimie, page 225.— Note of the authors 
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means of potaſn. The latter precipitates the falino-terreſtriq] 
ſubſtances, or the metallic oxyds united with ſulphuric acid. We 
ſhall deſcribe the two laſt methods of preparing ſulphat of pot- 
aſh, when we come to treat of the neutral ſalts employed in its 
preparation. | 

Sulphat of potaſh is not uſed, except in medicine; it is a good 
purgative, and is ſometimes given alone, in the doſe of half an 
ounce or an ounce. It is moſt commonly adminiſtered in a doſe 
of one or two drachms, together with other purgative medicines, 
It is likewiſe ufed as a ſolvent in chronical diſorders, and eſpeci- 


ally in coagulations of the milk; it is then given in doſes of a few 


drachms, in proper liquids; but its virtue, in this reſpect, is in- 


ferior to that of many other more ſoluble and leſs nauſeous ſalts. 


The ſulphureous, or ſulphuric acid with exceſs of ſulphur, united 
to vegetable alkali, forms a ſalt ſomewhat different from the pre. 
ceding, which Stahl called ſulphureous ſalt, and which we ſhall 
name ſulphite of potaſh. This falt cryſtallizes in polyhedrons 
with ten faces, or in two tetrahedral pyramids, truncated at their 
baſes. It is very bitter, very ſoluble, and flightly deliqueſcent 
almoſt all the mineral acids, and ſeveral vegetable acids, diſen- 
gage the ſulphureous acid in the form of gas, with efferveſcence. 


When expoſed to the air, the ſulphite of potaſh gradually abſorbs 


oxygen, and becomes ſulphat of potaſh *. 


Species Il. Sulphat of Soda. 


8 of ſoda, named till now Glanber's falt, from the name 


of a German chemiſt, who diſcovered it, is perfectly neutral, 
and conſiſts of the ſulphuric acid, united to the mineral alkal, 
or ſoda. This ſalt has many of the properties of ſulphat of pot- 
aſh, and others which are peculiar to itſelf ; it is equally cryſtal- 
lizable; is rather infuſible ; is ſoluble in water; and does not u- 
nite with earths. Like ſulphat of potaſh, it is partly decompoſed 
by the nitric and muriatic acids ; yet it differs greatly, in many 
of its properties, from that ſalt, as will appear more fully in thc 
detail. | 

The ſulphat of ſoda is uſually in the form of regular cryſtals 
either tranſparent or ſemi-opaque. Its cryſtals are priſms, witl 
ſix unequal and ſtriated fides, terminated with dihedral ſummits. 
But they have not often this regular form, but are ſubject to vet 
conſiderable variations, as Rome de Liſle has ſhown at large i 


— 
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his Cryftallographie.” Its cryſtals likewiſe vary in ſize from that 
of very fine priſms or ſmall needles, to that of large priſms, 
near an inch in diameter, and fix or eight inches in length, which 
are obtained in cryſtallizations in the large way. The taſte of 
this ſalt is at firſt cooling, and is ſucceeded by a ſtrong bitter. It 
does not alter blue vegetable colours. 

Expoſed to heat, it melts quickly, and ſoon after becomes dry, 
and of an opaque white appearance, in which fate it cannot be 
melted but by a conſiderable heat, like the ſulphat of potaſh. On 
this occaſion, it is neceſſary to diſtingutſh two kinds of fuſion, 


of which ſaline matters are capable. The firſt, called the aque- 


ous fuſion, is produced by the water which enters into the for- 
mation of their cryſtals. It obtains only in ſuch ſalts as are more 
ſoluble in hot than in cold water; whence it follows, as 2 con- 
ſequence, that the water, which enters into the formation of the 
cryſtals, by being ſo heated, is rendered capable of diſſolving the 
faline matter. The aqueous fuſion is thereſore merely a ſolution 
in hot water. The ſulphat of ſoda, therefore, after this fuſion, 
aſſumes a concrete form by cooling; but if the heat be urged, it 
becomes dry and white, and another fuſion enſues, which is cal- 
led the igneous fuſion, becauſe produced merely by the fire. 
Sulphat of potaſh appears to be as difficult to melt as ſulphat of 
ſoda; and, like that ſalt, is volatilized by a violent heat, without 
 {uffering any alteration in its principles. 
After the eſcape of the large quantity of water contained in 
the cryſtals of ſulphat of potaſh, it becomes converted into a fine 
white powder by expoſure to the air. This phenomenon is term- 
ed Moręſcence, becauſe the pulverulent down of the cryſtals re- 
tembles, in whiteneſs and form, thoſe matters which are obtain- 
ed in chemiſtry under the improper name of focuerc. As this 
alt f Ils into powder when in contact with air, merely from the 
lols of its water of cryſtallization, the effloreſcence proceeds more 


rapidly when the air is very dry, and conſequently greedy of 


moiſture. The phenomenon of cMoreſcence is therefore very 
analogous to the drying of this ſalt by heat, both depending ſim- 
ply on the evaporation of the water, which is a conſtituent part 
of the cryſtals. But, as the water which enters into the cryitals 
of lulphat of ſoda, and, in genera), of every other effloreſcent 
alt, is truly combined, the efloreſcence : appears to take place by 
virtue of a kind of elective attraction between air and water, 
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which is greater than between water and the ſaline matter, | 
have always conſidered effloreſcence as a phenomenon of this na- 
ture, and fee no other way of explaining it. (Conſult my M.. 
moires de Chimie). The ſulphat of ſoda loſes near half its weight 
by effloreſcence, but its properties may all be reſtored, together 
with its cryſtalline form, by the addition of the water it had loſt. 
Though no medical author has attended to this circumſtance, it 
is certainly of conſequence to aſcertain the quantity of water 
which the ſulphat of ſoda loſes by effloreſcence, that the doſe of 
the ſalt preſcribed may be always of the ſame ſtrength. It ſhould 
be given with a deduCtion of about one third of its weight when 

in effloreſcence, compared with the ſame weight in fine tranſpa. 
rent cryſtals, 

The ſulphat of ſoda is very ſoluble in water, four parts of the | 
fluid being ſufficient to diſſolve one of the ſalt; and a leſs quan. | 
tity will ſerve in proportion as its temperature is higher : boiling | 
water diſſolves nearly its own weight of this ſalt. It is not this 
property that the method of cryſtallizing it is founded. A ſtrong 


ſolution of the ſalt being left to cool, affords cryſtals ſo much the 


more beautiful, in proportion as the quantity of matter is larger, 
and the cooling more ſlow and gradual. When the operation is 
performed in the large way, ſtriated priſms, of ſeveral inches in 
length, are often obtained, in which the regular figure of the 
ſalt may be ſeen. 

1 he twiphat of ſoda has no more action on filiceous and alu- 
minous earths than ſulphat of potaſn, and does not enter into 
the formation of glaſs. Barytes decompoſes this ſalt, but the 
falino-terreſtrial matters have no action whatever upon it. 

Pure and cauſtic potaſh, mixed with a ſolution of ſulphat of 
ſoda, decompoſes it, becauſe of the ſtronger affinity of that al- 
kali to the ſulphuric acid. To ſhow this fact, cauſtic potaſh muſt 
be poured into a hot and ſaturated ſolution of ſulphat of foda, 
This ſolution, which would have afforded cryſtals of this latter 
falt by cooling, affords only ſulphat of potaſh by evaporation, 
and the mother water contains the cauſtic ſoda. 

The ſulphuric acid combines with ſulphat of ſoda, in the ſame 
manner as it does with ſulphat of potaſh. _ 

The nitric and muriatic acids decompoſe ſulphat of ſoda in the 
fame manner, and are attended with ſimilar appearances to thoſe 


mentioned in treating of ſulphat of potaſh, 


F , 
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When ſulphat of ſoda is ſtrongly heated with charcoal, or with 

certain metals, the ſulphuric acid paſſes to the ſtate of ſulphuric, 
as we ſhall obſerve in our hiſtory of that ſubſtance. 

All the properties in which ſulphat of ſoda differs from ful- 


phat of potaſh, ſhow that the two fixed alkalis, which perfectly 
"ſemble each other when conſidered in a ſtate of purity, are cer- 


 tainly different, ſince they form very different ſalts with the ſame 


acids, The proportion of the component principles is likewiſe 
very different in the two ſalts we have compared together, a cen- 
tenary of ſulphat of ſoda containing, as Bergman finds, 15 parts 
of ſoda, 27 parts of ſulphuric acid, and 58 of water. 

This falt is much more abundant in nature than ſulphat of 
potaſh, Tt is found in conſiderable quantities in the waters of 
the ſea, of falt ſprings, and eſpecially in many mineral waters : 
it can always be produced by art, by the three methods ſpoken of 
in the article of ſulphat of potaſh. It is not employed in the arts, 
but is much uſed in medicine; it is given as a cathartic medi- 
cine; from half a drachm to an ounce and a half, according to cir- 
cumſtances: Its effects are more conſiderable and ſpeedy than 
thoſe of ſulphat of potaſh, becauſe it is more ſoluble in the fluids 
of the animal economy, and becauſe its taſte is more penetrating. 
We are ſtill ignorant of the properties of ſulphat of ſoda, or of 
the combination of ſulphureous acid with the mineral alkali b. 

Species III. Nitrat of Potaſh, or Common Nitre. 

The nitrat of potaſh, common nitre, or ſaltpetre, is a perfect 
neutral falt, formed by the ſaturated union of the nitric acid 
with potaſh. Its taſte is cooling, and it does not alter the colour 
of ſyrup of violets. Its cryſtals are ſix- ſided priſms, terminated 
by dihedral pyramids, or cut off with a flope, and often perfo- 
rated quite through 1 in the direction of their axis. 

Nitre exiſts in large quantities in nature, and is continually 
ſormed in inhabited places; it is found in great quantities upon 
walls which are ſheltered from the rain it is then called ſalt- 
petre, or nitre de houſſage. 

There appear to be three principal circumſtances that promote 
its formation; the firſt is, the prefence of chalk, or any other 
calcareous ſalt, as appears by its being collected from walls co- 
vered with plaſter, or from the ruins of ancient edifices. This 


alt is likewife found perfectly pure in chalky earths; The Dug 
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de la Rochefoucault obtained it, in the proportion of one ounce 
in the pound, from the chalk of Roche Guyon. 


The ſecond circumſtance neceſſary for the production of this 3 


ſalt, is the putrefaction, or ſpontaneous decompoſition of vege. 
table and animal matters. It is a well known fact, that places 
which are moiſtened with animal liquids, or contain animal mat. 
ters in a ſtate of putrefaction, ſuch as dunghills, ſtables, privies, 
&c. produce much nitrat of potaſh. This conſtant obſervation 
has been applied to the formation of artificial nitre beds. Dry 
ditches are dug and covered with ſheds open at the ſides; theſe 
are filled with animal ſubſtances, ſuch as dung, the excrement 
of quadrupeds, or birds, with the remains of vegetables. Theſe 
matters are from time to time watered, eſpecially with water 
charged with animal or vegetable matters capable of putrefaCtion, 
and they are turned up to renew their ſurfaces from time to time, 


When the putrefaction is in an advanced ſtage, a ſmall portion 


of the matter is taken up and lixiviated, to aſcertain whether it 
contains nitre ; and when it is found ſufficiently charged with 
that ſalt, the whole is lixiviated. 

The third circumſtance which is found to 3 the produc- 
tion of nitre, is the acceſs of air; this is the cauſe of the for- 
mation of the nitre found on walls, and for this reaſon it is that 
nitre beds require to be frequently turned over, in order that the 
air may touch them in all points. The neceſſity of the acceſs of 
air is ſtill more evidently ſhown by the nitre contained in chalk, 
as it is never found below a certain depth. When the three 
circumſtances here treated of are united, the production of falt- 
petre is very abundant. Nitre beds ought always to be conſtruc- 
ed on theſe principles. | 

The theory of the formation of nitre has not been long known. 
Glauber, and many other chemiſts ſince his time, ſuppoſed nitre 
to exiſt ready formed in vegetables, from which they imagined 
it to paſs into animal ſubſtances, and to become diſengaged by 
putrefaction; but it was ſoon perceived, that vegetables do not 
contain a ſufficient quantity of nitre to aceount for what is ob- 
tained from nitre beds. Mr. Thouvenel, whoſe diſſertation on 
the formation of nitre was honoured with the prize of the aca- 
demy, has made many experiments to diſcover its origin: he 
found, that the nitric acid is formed by the combination of an 
claſtic fluid, diſengaged from animal matters in a ſtate of putre- 
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faction, and pure air. He has likewiſe diſcovered, that the ni- 
tric acid, once formed, combines with calcareous earth, when 
only animal matters are made uſe of ; and that the remains of 
vegetables are uſeful to afford the fixed alkali, or potaſh, which 
is the baſe of common nitre. But Mr. Thouvenel did not de- 
termine the nature of the gas, which is diſengaged from putre- 
fying animal matters. It is to Mr. Cavendiſh that we are in- 
debted for the proof that it is the ſame gas which conſtitutes one 
of the principles of the atmoſphere, under the name of phlo- 
giſticated air, atmoſpheric mephitis, or azotic gas. He has form- 
ed the true nitric acid by the combination of this gas with vital 
air, by means of the electric ſpark a. 

The nitrat of potaſh is very ſubject to alteration by heat: it 
is quickly melted, and its fuſion is of the igneous kind; for it 
may be kept fluid for a conſiderable time, and even made red 
hot, without aſſuming the pulverulent form: when ſuffered to 
cool, after being melted, it fixes in an opaque maſs, called cry- 
flal mineral, which is as heavy, as fuſible, and as ſoluble in wa- 
ter, as the nitrat of potaſh itſelf, The cryſtal mineral of the 
ſhops differs from pure melted nitre, for it contains a ſmall quan- 
tity of ſulphat of potaſh, produced by the combuſtion of the 
ſulphur, which, according to the Paris Pharmacopeia, is in the 
proportion of a drachm in the pound. 

If melted nitrat of potaſh be expoſed to the continued action 
of the fire, it becomes decompoſed, and is alkalized without ad- 
dition. This operation ſucceeds equally well in a retort, and af- 
fords much inſtruction reſpecting the compoſition of the nitric 
acid: inſtead of obtaining the pure acid, a large quantity of an 
aeriform fluid is diſengaged, which may be collected under wa- 
ter, and is found to be vital air mixed with azotic gas. 'The al- 
klaline reſidue uſually cauſes the retort to melt, and prevents the 
completion of the operation. Here we ſee the nitric acid con- 
verted entirely into vital air and azotic gas, by means of light 
and heat, which ſeparate its two principles. If the heat be not 
urged ſo as entirely to decompoſe the nitrat of potaſh, the alkali 
remains charged with a certain quantity of nitrous acid, or nitric 
acid, with an exceſs of nitrous gas. This acid may be diſen- 
gaged by means of vinegar; but if the nitre be more ſtrongly 
heated, the falt in this ſtate is termed nitrit of potaſb, on account 
of the ſtate of the nitrous acid which it contains, in the ſame- 
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manner as we term the combination of the ſulphureous acid with 
this alkali, the /z/phat of potaſh. The alkali remains pure and 
cauſtic. From the facility with which heat decompoſes nitrat 
of potaſh, we may obſerve, that in the making of cryſtal mi. 
neral, the ſalt ought not to be kept in fuſion too long, leſt the 
quantity of diſengaged alkali ſhould become too conſiderable, 
and render the effect of the medicine more violent than in- 
tended. | 

When nitrat of potaſh 1s expoſed to heat, in contact with 
combuſtible bodies, it is decompoſed with other appearances ; a 
white and ſtrongly brilliant flame is produced, together with a 
kind of decrepitation. This phenomenon is called the detona- 


tion of nitre, and is a character by which it is eaſily known, 


Stahl ſuppoſed it to ariſe from the rapid combination of the ni- 
trous acid with phlogiſton; and Mr. Baume, in conformity to 
this theory, thinks that a nitrous ſulphur is formed, and inſtantly 
ſet on fire, In the year 1780, I read a memoir at the academy, 
in which I proved that nitrat of potaſh is not combuſtible, and 
that a nitrous ſulphur is not formed during its detonation z but 
that the phenomenon ariſes from the rapid combuſtion of the 


body added to the nitre, which is aſſiſted by vital air diſengaged 


from nitrat of potaſh ſtrongly heated. This theory is complete 
ly proved from the conſideration, . IJ, That this ſalt never deto- 
nates without addition, 24, That during the detonation of 
nitre, by the addition of inflammable matter, the latter is en- 
tirely conſumed. 3d, Becauſe the combuſtion of the inflam- 


mable matter is more complete, the larger the proportion of ni- 


trat of potaſh. 475, and /a/i/y, Becauſe the detonation of nitrat 
of potaſh takes place as well in cloſe veſſels as in the open air, 
which could not be effected but by means of the vital air afford- 
ed by that ſalt. This aſſertion is clearly proved by the proceſs 
for making the clyſſus of nitre, which is merely a detonation of 
this ſalt with different combuſtible matters, in cloſe veſſels : we 
ſhall only mention, in this place, the operation made with the 
addition of charcoal. Two or three large receivers, adapted to- 
gether, are applied to a retort of earth or iron, in the upper part 
of which laſt is an aperture, which may be cloſed with a cover 
or ſtopper. The veſſel is heated, and when its bottom is red, 
the mixture of nitrat of potaſh and charcoal is thrown in b 
{mall quantities at a time, through the aperture, which is im- 
3 
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mediately cloſed. During the detonation, the receivers are filled 
with vapours, part of which condenſes into an inſipid liquor, not 
at all acid, but frequently alkaline ; the reſidue conſiſts of potaſh 
charged with carbonic acid, the nitric acid being entirely de- 
{troyed. A large quantity of gas is produced, which I have col- 
lected, by adapting to the upper part of the receivers, tubulated 
for that purpoſe, either a bladder, or tubes whoſe extremities 
were received under glaſs veſſels filled with water. This gas con- 
ſited, for the moſt part, of carbonic acid, mixed with a ſmall 
proportion of inflammable gas and azotic gas, which is one of 
the principles of nitric acid. The inflammable gas comes from the 
decompoſition of a portion of the water of nitre by the charcoal. 

The reſidue, -after the detonation of nitrat of potaſh with 
charcoal in a crucible, is improperly called nitre fixed by charcoal; 
it is potaſh combined with carbonic acid b. | 

Very pure nitrat of potaſh is not at all altered by expoſure to air. 
It is very ſoluble, three or four parts of cold water diſſolving 
one part of nitre; and boiling water diſſolving twice its weight. 
It therefore cryſtallizes by cooling; and on this property 1s 


founded the art of extracting nitrat of potaſh from the old pla- 


ſter or rubbiſh in which it is contained. The ſaltpetre makers 
put the pounded rubbiſh into a caſk, with a hole in the bottom, 
and cover it with aſhes. Through this matter water is paſſed, 
care being taken to pour the firſt water upon ſuch matter as has 
already been waſhed, that the ſalts may. be entirely extracted; 
and the water, which is already partly. impregnated, is paſſed 
through caſks loaded with unwaſhed rubbiſh, in order that it 
may be entirely ſaturated, This lixivium is evaporated by heat 
in copper veſſels. The firſt pellicles, conſiſting of muriat of ſoda, 
or marine ſalt, are taken out. They call this falt grain, and 
are obliged by the regulations to carry it to the refining 
houſes, When the water is ſufficiently evaporated to be- 
come nearly ſolid in cooling, they pour it into veſſels, where 
the falt cryſtallizes. This nitrat of potaſh, which is very 
impure and dirty, is called nitre of the firſt boiling, Some 
chemiſts have thought, that the aſhes uſed by the ſaltpetre ma- 
kers ſerve only to deprive the nitrat of potaſh of certain greaſy 
impurities; and this opinion appeared probable, from the conſi- 
ceration that theſe aſhes contained ſcarcely any fixed alkali; and 
ore eſpecially as the aſhes of tamariſk contain only ſulphat ot 
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ſoda. But this ſalt, as well as ſulphat of potaſh, is as ſervice. 
able for decompoſing the calcareous nitrat which abounds in the 
rubbiſh, becauſe it acts by the way of double affinity; as Mr. 
Lavoiſier has obſerved with reſpect to the lixiviated aſhes uſed 


by the ſaltpetre makers at Paris. We ſhall treat more fully on 


this fact when we ſpeak of calcareous nitrat. 

Nitrat of potaſh, of the firſt boiling, is always very impure ; 
it contains five other kinds of ſalt, namely, muriat of ſoda, ni. 
trat of magneſia, calcareous nitrat, muriat of magneſia, and cal. 
careous muriat, which muſt be ſeparated before the nitrat of 
potaſh can be had in a ſtate of purity. This is done by rediſſol- 
ving it in the ſmalleſt poſſible quantity of water, and clarifying 
this boiling liquor by the addition of bullock's blood, which car- 
ries all the impurities to the top of the liquor i in the form of 
ſcum, by virtue of the property of coagulating which the alu- 
minous coagulum poſſeſſes. This ſecond lixivium is evaporated, 
and affords a much purer nitrat of potaſh, called nitre of the ſe. 
cond boiling ; it is ſtill vitiated by a certain quantity of muriat 
of ſoda, and mother water, It is purified a third time, by re- 
peating the ſame proceſs, and is then much whiter, This is 
nitre of the third boiling. As it is cryſtallized haſtily, it has the 
form of large maſſes, of a confuſed figure; there is formed, 
however, in the middle of the veſſels, a bed of long and regu- 
larly formed cryſtals, called nitre in ſticks, which is not uſed i in 
making good gunpowder, becauſe it retains a greater quantity of 
water in its cryſtallization than the nitre in large irregular maſſes, 
and is conſequently leſs proper for combuſtion, 

Chemiſts and apothecaries purify nitre of the third boiling by 
new ſolutions and cryſtallizations, by which means they are cer. 
tain of having very pure nitrat of potaſh, uncontaminated by 
any foreign matter, eſpecially the muriats with baſes of ſoda, 


lime, and magneſia, which are ſcarcely ever taken away entirely 


in the manufactories c* 


—— 
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* There is no fact more ſingular, in the opinion of naturaliſts and chemiſls, 
than the production of fix ſpecies of ſalts in old mortar, and eſpecially the con- 
Gant union of each alkaline baſe to a peculiar acid, The potaſh is always found 
united with the nitric acid, and the ſoda with the muriatic acid. There ſeems to 
be a peculiar relation between theſe different primitive ſalts, by which they are 
mutually applied to each other ; for elſe, why ſhould not the muriat of potaſh, or 
nitrat of ſoda, be found? The ſame obſervation may be made reſpecting the 
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Nitrat of potaſh appears to be acted on by filiceous earth, 
ſince its acid may be obtained by diſtillation with ſand ; this acid 
comes over colourleſs, but emits ſome vapours; the reſidue is 
more or leſs vitreous, according to the quantity of ſand made 
uſe of, and the degree of heat applied ; the ſand appears to de- 
compoſe the nitrat of potaſh by its tendency to combine with its 
alkaline baſe, ſince, in diſtillation, without an intermedium, it 
_ affords pure air, mixed with azotic gas, inſtead of nitric acid. 
 T apprehend that this happens, becauſe, in the diſtillation of ni- 
trat of potaſh without an intermedium, the alkali reacts on the 
acid, and contributes to its decompoſition ; whereas, when this 
falt, mixed with ſand, is expoſed to heat, the latter ſubſtance 
tending to unite with the alkali, and form glaſs, prevents it from 
reacting on the acid, which therefore comes over unchanged. 


Argillaceous earths likewiſe decompoſe nitre. The clay com- 


monly uſed 1s coloured. 'The diftillers of aquafortis in Paris 
make uſe of an earth of the ſame kind; they introduce two 
pounds of nitre, of the ſecond boiling, with fix pounds of co- 
loured clay (of Gentilly), into earthen retorts of a peculiar form, 
termed cuines, which are placed in a row, on long furnaces, cal- 
led galleries; their necks are inſerted in bottles of the ſame form, 
which ſerve as receivers. By this means they firſt obtain a tran- 
ſparent liquor, ſcarcely acid, which they call phlegm of aqua- 


fortis, which is followed by the acid itſelf, more and more con- 


centrated; the reſidue is a red and hard earthy ſubſtance, which 
is uſed as a kind of mortar. This experiment is far from proving 
that clay decompoſes the nitrat of potaſh ; for, 1/f, The diſtillers 
employ a very impure nitre, which contains much nitre with an 
earthy baſe. 2d, They make uſe of a very compounded clay, 
which is often loaded with pyrites, whoſe ſulphuric acid may 
decompoſe the nitre. To aſcertain whether ſuch a decompoſition 
takes place, the whiteſt clay, or, which is till better, the baſe 
of alum, or alumine, ought to be uſed. ' This earth not having 
lo ſtrong a tendency as ſand to unite with alkali, and not form- 
ing glaſs with that ſalt, will not probably decompoſe the nitrat 


*arthy ſalts. In fact, the quantities of muriat of magneſia, and of calcareous ni- 
trat, greatly exceed thoſe of nitrat of magneſia, or calcareous muriat; whence it 
?ppears, that magneſia has a petuliar affinity with the muriatic acid, and lime 
with the nitric acid. Vote of the Author. 
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of potaſh ſo completely as ſand. Mr. Baume, however, affirms, 
that he obtained the acid of nitrat of potaſh by the addition of 
porcelain, and of clay baked into ſtone ware, which do not con. 
tain the ſulphuric acid *, though he was of opinion that the de. 
compoſition of this ſalt was owing to a portion of that acid con- 
tained in clays. . 

Barytes decompoſes nitrat of potaſh, and ſeparates the alkali, 
Bergman, in his table of affinities, places this ſalino-terreſtrial 
ſubſtance before the alkalis, and immediately after the nitric 
Magneſia, lime, and alkalis, have no action on nitre. 

The acids have a very ſtrong action on this ſalt, eſpecially the 

ſulphuric acid, which has a ſtronger affinity with alkalis than the 
nitric. If concentrated ſulphuric acid be poured on very dry 
nitrat of potaſh, a confiderable efferveſcence 1s produced, and 
red vapours eſcape, which are nitrous acid. When the opera- 
tion is made in a retort with a receiver, this acid, known under 
the name of the ſpirit of nitre, is collected. This proceſs is 
called by the name of Glauber's method of diſtilling ſpirit of 
nitre, becauſe that chemiſt firſt deſcribed it in an intelligible 
manner. It is neceſlary to leaye a ſmall perforation in the recei- 
yer for the eſcape of the vapours of the nitrous acid. It was 
remarked, that theſe vapours being very difficultly condenſed, 
occaſioned two principal inconveniencies. The firſt was, the loſs 
of a conſiderable quantity of the ſpirit of nitre, which was dil. 
fipated by the aperture: the ſecond conſiſted in the danger in- 
curred by the operator, from the acrid and corroſive vapours. 
Mr. Woulfe, a learned Engliſh chemiſt, has contrived a method 
of remedying theſe inconveniencies. Inſtead of employing a 
perforated receiver, he uſes a receiver with two necks. The 
neck fartheſt from the retort conſiſts of a tube bent at right 
angles, the one part being horizontal and the other vertical; 
which laſt is inſerted in the neck of a bottle, From the ſides of 
this bottle proceed two tubes ſimilar to that laſt deſcribed, which 
paſs each into another bottle; and theſe are, in like manner, con- 
nected with two others, whoſe lateral apertures remain open. 
The firſt bottle is commonly empty; the collateral bottles con- 


— — 


2 Theſe, as well as all other natural clays, contain à large proportion of ſili⸗ 
£2oms carth, T. 
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tain each a certain quantity of water, in which the inferior extre- 
mities of the tubes of communion are plunged, the upper parts 
of the bottles remaining empty. The acid vapour, which is 
conducted by the tubes into the water, is there condenſed, either 
totally or in part. The part which eſcapes is conducted to the 
ſucceeding bottles; ſo that no part of the acid is loſt, and the 
operator is not in the leaſt incommoded. A quantity of vital air, 
which is diſengaged, paſſes out at the apertures of the exterior 
bottles, where it might be collected by a proper n if ne- 
ceſſary. | | 

There is a principal advantage derived. from this ingenious 
contrivance, which muſt not be paſſed over in filence. At the 
end of the operation, when the veſſels are ſuffered to cool, a va- 
cuum is formed within; and the external air preſſing on the ſur- 
face of the water in the laſt open bottles, forces it to return by 
the tubes into the firſt collateral bottles, and from them into the 
bottle neareſt the receiver, If the firſt bottle were not empty, 


and of a ſufficient magnitude to contain all the water of the fol- 
lowing bottles, the acid liquors would paſs into the receiver; 


and as the ftrongeſt nitrous acid is contained in that veſſel, it 


would be diluted by the. addition of the fluid contained in all the 


bottles. This inconvenience would be {till more prejudicial in 
other diſtillations we ſhall have occaſion to ſpeak of, where it 
would not only diminiſh the . but likewiſe alter the purity 
of the product. 


To perform this diſtillation in a laboratory, four pounds of 


pure nitrat of potaſh, fuſed into the form of mineral cryſtal, is 
put into a tubulated ſtone-ware retort, placed in a reverberatory 


furnace. Tubulated retorts of glaſs may likewiſe be uſed, with 


a ſand bath, Two pounds and a half of concentrated ſulphuric 
acid is poured at once through the tube, and the aperture is ſtop- 
ped. The apparatus we have juſt deſcribed, and which we ſup- 
poſe to have been prepared and put together the evening before, 
muſt be adapted and expeditiouſly luted. The heat muſt be gra- 


dually raiſed till nothing more comes over. The diſengagement 


and paſſage of gas through the water in the bottles ſerve to dire& 
the operator in managing the proceſs. If it be too rapid, the 
heat muſt be diminiſhed, leſt the whole maſs in the retort ſhould 
ſwell up and paſs into the receiver. If, on the contrary, it be 
too flow, the fire muſt be raiſed, to prevent abſorption. This 
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valuable apparatus has therefore the additional advantage of di. 
recting the operator to conduct his nn to the beſt advan. 


The reſidue of this Apetlon conſiſts of ſulphat of potaſh, 
formed by the union of the ſulphuric acid with the alkaline baſe 
of nitre. This reſidue is known in pharmacy by the name of ja] 
de duobus, or arcanum duplicatum. It is uſually in the form of à 
white ſemi-vitrified maſs, full of cavities, produced during its 
ſwelling up by the heat; and it is very acid, on account of the 
exceſs of ſulphuric acid made uſe of, which is alſo the cauſe of 
its melting more eaſily, as we have obſerved in the hiſtory of ſul. 
phat of potaſh. The ſtrong heat made uſe of in this proceſs, oc. 
caſions the nitrous acid to be very red and fuming, by diſenga- 
ging a portion of its vital air; and as it is always vitiated with a 
certain quantity of ſulphuric nckd; it muſt be rectified by diſtil- 
ling it a ſecond time from one-fourth of its weight of nitre. Ve- 
ry pure nitrats of potaſh muſt be uſed, in order to obtain nitrous 
acid, whoſe effects can be relied on. The acid obtained from 
nitre of the ſecond boiling contains muriatic acid, and is a kind 
of aqua regia : diſtillation, properly managed, will ſeparate the 
marine acid, as Meſſrs. De Laſſone and Cornett have ſhown *. 

Concrete boracic acid decompoſes nitre by the aſſiſtance of 
heat, and diſengages its acid in a conſiderable degree of concen- 
tration: this decompoſition is produced by virtue of its fixity, as 
the academicians of Dyon think. It muſt, however, be attribu- 
ted, no doubt, in part, to the attraction between boracic acid, 
and the potaſh of the nitre, 

Nitrat of potaſh is of great uſe in the arts : it is the principal 
ingredient in gunpowder, which we ſhall ſpeak of under the ar- 
ticle of ſalphur. Burned with different proportions of tartar, it 
forms the ſubſtances called fluxes, which are employed in the art 
of aſſaying, to fuſe and reduce metallic ſubſtances. 

It 1s frequently uſed in medicine as a febrifuge diuretic anti- 
ſeptic ſalt ; it is adminiſtered in any convenient liquid, from ten 
or twelye grains, to the quantity of half a drachm or more ; and 
it daily produces the molt happy effects. 


Species IF. Ni itrat of Soda. 
Nitrat of ſoda, which has been called cubic, quadrangular, or 


— 


* 


Memoirs of the Academy for 1781, pages 653, 656. 
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— nitre is the perfect neutral ſalt — from the- 


combination of the nitric acid with ſoda. 
It is uſually formed in regular rhomboidal cryſtals, of con- 
gerable magnitude; and is cherefore more . y called 4 


hoidal nitre. 


Its taſte is cooling, and rather more bitter hain that of nitrat of 


aſh. 
pre decompoſes it; bot it a nd does not ek ſo 


eaſily as the nitrat of potaſn; but, like that falt, it gives out vital 


air, mixed with azotic gas, at the ſame time that it becomes al- 
kalized. | 

It is ſlightly aeliqueſcent when expoſed to air. 

It is more ſoluble in cold water than the common nitre, two 
parts of water, at the ordinary temperature of ſixty degrees, diſ- 
ſolving one part of the ſalt: it is ſcarcely more ſoluble in boiling 
water, and cannot therefore be had in regular cryſtals, but by 
ſow evaporation. When a clear ſolution of this falt is expoſed 


in a dry place, rhomboidal cryſtals, upwards of half an inch, and 


ſometimes an inch long, are obtained at the end of ſome months. 
This proceſs, in general, is the beſt for cryſtallizing ſuch ſalts as 
are equally ſoluble both in hot and cold water, 


Nitrat of ſoda detonates on coals, and cauſes the complete 


combuſtion of inflammable bodies; if it is heated, the detona- 
tion is ſomewhat leſs rapid than that of nitrat of potaſh, 

Siliceous earth combines with its baſe, and diſengages the ni- 
tric acid; clay likewiſe ſeparates the acid, and affords a reſidue in 
the form of frit, which is e and opaque when a ſtrong heat 
has been given, 

Barytes decompoſes this alt, and diſengages the ſoda. Mag- 
neſia and lime do not ſenſibly change it. 

Potaſh has a ſtronger affinity than its baſe with nitric acid, with 
which it forms nitrat of potaſn; this decompoſition 1s very eaſily 
ſhown. If a heated ſolution of nitrat of ſoda be divided into two 
parts, and cauſtic potaſh be added to one of them, it will afford 
priſmatic cryſtals of nitrat of potaſh, during its cooling ; but no 
cryſtals will be obſerved in the other part, . becauſe nitrat of ſoda 
does not cryſtallize by mere cooling, without evaporation. 

The concentrated ſulphuric acid, added to nitrat of ſoda, diſ- 
engages the nitric acid with efferveſcence. Nitric acid is obtain. 
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ed by diſtillation from the mixture z the other mineral acids bare 
no more action on this ſalt than on common nitre. F 

The neutral falts hitherto examined, namely, the Culphat of 
potaſh and ſoda, and nitrat of potaſh, produce no effect whatever 
on nitrat of ſoda; if theſe ſalts be diflolved together in the fame 
water, they cryſtallize ſeparately, and each in its ordinary man. 
ner: the nitrat of potaſh, and ſulphat of ſoda, by cooling ; and 
the ſulphat of ſoda and nitrat of ſoda, by evaporation. All theſe 
properties ſhow, that nitrat of ſoda differs from nitrat of potaſh 
in its form, taſte, deliqueſcence, folubility, cryſtallization by eva- 
poration, and eſpecially its decompoſition by potaſh. 

Nitrat of ſoda has not yet been found in nature, but is always 
produced by art, according to one of the five following methods: 
I, The direct union of the nitric acid with foda. 24, By de- 
compoſing earthy nitrats, ammoniacal nitrat, and the metallic ni- 
trats, by the ſame alkali. 3d, By decompoſing the muriat of ſv. 
da by the addition of the nitric acid. 47h, By decompoſing ful. / 
phat of ſoda by the fuming nitrous acid. 57h, and Jaftly, By de. 
compoſing nitric metallic ſalts by muriat of ſoda; in this caſe, in 
proportion as the muriatic acid unites with, and ſeparates the 
metal from the nitric acid; this laſt combines with the ſoda 
which quits the acid with which it was formerly united. A more 
minute account of this decompoſition, will be given under each 
of the ſalts in which they occur. = 


'The nitrat of ſoda may be applied to the ſame uſes as nitrat of 
potafh 3 but as it does not produce all the effects of this laſt falt 
(doubtleſs on account of its greater affinity with water), and like- 
wiſe becauſe it is merely a product of art, no uſe whatſoever has 
yet been made of it, neither have all the experiments been made, 
which are neceſſary to afford a complete knowledge of its pro- 
perties. 
Species V., Muriat of Potaſh. 


Muriat of potaſh, called formerly zhe febrifuge ſalt of Sylvius, is 
formed by the union of the muriatic acid with potaſh ; it has 
been called regenerated marine ſalt, but improperly, as it differs 
from that ſalt in the nature of its baſe; its cryſtals are cubical. 
but almoſt always. confuſed and irregular. Its taſte is ſalt, pe- 
netrating, bitter, and diſagreeable. In the fire, it decrepitates; 
that is to ſay, its cryſtals ſuddenly break, and fly in pieces, by 
the rarefaction of the water, which enters into their compoſition. 
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If the heat be then continued, and ſufficiently ſtrong, it melts, 
and is volatilized without decompoſition; it may ſerve as a flux 
to earthy and metallic ſubſtances; its principal uſe in theſe caſes 
is, that the matters being covered with it, the action of the other 
fuxes is more confined, and the alterations, which the acceſs of 
air might produce, are prevented, 

The muriat of potaſh is not much altered by n 6 to air 3 
it, however, lightly deliqueſces. 

About three parts of cold water are required to hold one part 
in ſolution; hot water does not diſſolve a greater quantity; and 
therefore recourſe muſt be had to ſlow evaporation to obtain cry» 
ſtals: it is one of the moſt difficult m be procured in Ar. 
ſals of a certain magnitude. | 

Clay appears to decompole it in part; for muriatic acid is ob- 
tained by diſtillation of the muriat of potaſh with the clays found 
in the vicinity*of Paris. This operation affords, in fact, only a 
{mall quantity of acid, and its reſult is far from being ſuch as is 
obſerved with the nitrat of potaſh : ſand appears to have the ſame 
effect as clay on the muriat of potaſh. 

Barytes ſeizes its acid, and ſeparates the potaſh, according to 


Bergman. Magneſia and lime do not at all change it. 


The ſulphuric and nitric acids diſengage the muriatic acid with 
efferveſcence : and this phenomenon takes place more ſtrongly, 
in proportion as the muriat of potaſh is drier *. Such as has 
been deprived of its water of cryſtallization by decrepitating, 
produces a very ſtrong efferveſcence, attended with much heat, 
by the addition-of concentrated ſulphuric acid. When theſe de- 
compoſitions are made in retorts, muriatic acid is retained in the 
receiver, and tylphes of Res remains dena provided the ope- 
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* We have ane obſerved, in ing 5 the decompoſition of nitrat of potaſh 
by concentrated ſulphuric acid, that the nitric acid is diſengaged with a ſtrong ef- 
ferveſcence. We here find the ſame phenomenon with the muriatic acid, the ef- 


| ferveſcence being conſiderably ſtronger with the muriat of potaſh, becauſe its acid 


has a very ſtrong tendency to aſſume the gaſeous ſtate: This is the general cauſe 
of all efferveſcences, the nature and differences of which have not been well known 
till lately, It was formerly thought that they aroſe from the diſengagement of 
air; but it is now well known, that the ſubſtance diſengaged is not air, but may 
conſiſt of any ſubſtance capable of aſſuming the aeriform aggregation; and for that 
reaſon we have obſerved, that the ebullition of water may be eſteemed a kind of 
elferveſcence. As this principle deſerves to be particularly attended to, we ſhall 
occaſtonally repeat the preſent obſervation, in treating of the different neutral ſalts 
eos of being decompoſed by the acids, Note of the Author. 
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ration be made with the ſulphuric wide but if the nitric acid hs 
uſed, the receiver contains aqua regia, and nitrat of potaſh is 
found in the retort. The boracic acid likewiſe decompoſes my. 
riat of potaſh by diſtillation, and diſengages the muriatic acid. 
As all theſe operations may be performed with muriat of ſoda, 
or common falt, we ſhall deſcribe them more fully under that ar. 
ticle. The carbonic and fluoric acids Reſon no aCtion on muriat 
of potaſn. 

The ſulphats and nitrats of potaſh we) fla; do not at on i this 
ſalt; but when diſſolved together in the ſame water, —_ ery- 
* ſeparately, and in its uſual manner. 

The muriat of potaſh is found naturaily, but never in conſider. 
a quantities; it is found in ſea-water, and the water of alt 
ſprings, and it exiſts, though rarely, in the places where nitrat of 
potaſh is found; it is likewiſe met with in the aſhes of vegeta- 
bles, and in certain animal fluids. it may be artificially produced, 
1//, By direct combination of the muriatic acid with potaſh. 24, 
By decompoſing earthy, ammoniacal, and metallic muriats by the 
ſame alkali. 3d, By decompoſing the ſulphat, or nitrat of potaſh, 
hy means of the ſame acid, as Mr. Cornett has ſhown. 

This ſalt was formerly employed as an excellent febrifuge, but 
it does not poſſeſs this property, otherwiſe than in common with 
all bitter ſalts z the en of rann and ſoda are at preſent 
preferred to it. | 

The muriat of potaſh is not -uſed 3 in the arts; its diſagreeable 
bitterneſs prevents its being uſed for culinary purpoſes, like the 
muriat of ſoda; its chemical properties agree with thoſe of the 
latter ſalt, excepting with reſpect to its bitter taſte, leſs degree of 
ſolubility, unchangeableneſs in the air, and leſs regular —_ 
zation : for this reaſon we ſhall dwell no r on its hiſtory. 


Species 2 Muriat of Soda. 


The muriat of ſoda, better known by the name of marine or 
culinary ſalt, is perfectly neutral, and is produced by the com- 
bination of the muriatic acid with ſoda. It will be perceived, 
that in the nomenclature hitherto adopted, the definition of the 
nature of theſe neutral ſalts is almoſt uſeleſs, ſince it is expreſſed 
in their denomination. | 

This falt is more abundant in nature than any other; - it is 
found in prodigious maſſes in the internal parts of the earth, in 
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in, in Calabria, in Hungary, in Moſcovy, and more eſpecially 
in Wieliczka in Poland, near Mount Crapax, where the mines are 
very large, and afford immenſe quantities of muriat of ſoda. This 
ſalt, when contained in the earth, is ſeldom cryſtallized i in any 
regular figure; it has various degrees of whiteneſs, and 1s often 
found coloured, in which ſtate it is called ſal- gem, becauſe it 
often has the tranſparence of gems: ſea-waters abound with this 
falt, as do likewiſe the waters of certain lakes and ſprings; and 
from theſe it is obtained by one or other of the four following 
general proceſſes “. 
The firſt conſiſts in ſpontaneous evaporation by the heat of the 
ſun, as is practiſed in the ſouthern provinces of France. Trenches 
are made near the ſea- ſide, lined with clay well rammed. Theſe 


are divided by low walls, into ſeveral compartments communi- 
cating with each other; and the flood-tide fills them with water, 
where it is retained by a kind of ſluice gates. Care is taken that 
the quantity of water ſhall be of an inconſiderable depth, that it 


may be eafily evaporated by the ſun. When a ſaline pellicle is 
formed, the workmen break it, and it falls to the bottom, which 
they continue to do as long as any water remains. The ſalt is 
then raked together, and laid in heaps to dry. This mixed with 
every other which the ſea-waters contain, ſuch: as ſulphat of ſo- 
da and magneſia, the muriats of magneſia and lime; it is like- 


wiſe contaminated by a portion of the clay, which forms the floor 


of the ſalt-pans ; and laſtly, it contains iron, and mercury much 
divided ;, the latter of which is eaſily ſhown, by leaving a maſs 
of gold for ſome time in the ſalt, which becomes manifeſtly whit- 
ened. This very impure ſalt is known in France * the name of 
fel de gabelle. | 

In the northern provinces of France common ſalt is obtained 
by artificial evaporation, effected by means of heat. In Arran- 
chin they take the quickſands on which the ſea-water has de- 
polited its ſaline cryſtals ; theſe are waſhed with the ſmalleſt 
quantity of water ſufficient to diſſolve the ſalt, and the water is 
then evaporated to dryneſs in leaden boilers. The falt thus ob- 
tained, is whiter, and more pure than that of the * before 
deſcribed *. ; 


— ů — 


2 


* Mr. Guettard has given an accurate account of this proceſs in the Memoirs 
of the Royal Academy for the year FO 


RIS ; 
- — 12 a 2 
a — * — - * — 
2 — 222 =_ " - * 2 A — 
® — _ —_— 5 
= OI WIS — — — — —k _ OO EN C 


r. . — * " 1 — N 
— —„% — 


2 
— 
1 


5 N — * 5 
le N 
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There are many ſalt ſprings i in Lorrain and- nm 


the water of theſe ſprings is charged with different quantities 4 


muriat of ſoda. At Montmorot, in the latter of theſe Provinces, 
ſpontaneous evaporation is united to evaporation by heat: th. 
water of the ſpring is pumped up into a large reſervoir, at the top 
of a building, or ſhed, beneath which are ſuſpended boards co. 
vered with little bundles of thorns or bruſh-wood ; on theſe the 
water falls through ſmall cocks, arid becomes divided ; into minute 
drops. The large ſurface of water thus expoſed to the air, which 
circulates quickly through theſe ſheds, cauſes an evaporation of 
nearly two thirds. Selenite is depoſited on the bruſh-wood 
and when the liquid, upon trial with a kind of hydrometer, i; 
found charged with ſalt to a certain degree, it is conveyed into 
large iron botlers, ſupported by bars of the fame metal; theſe 
boilers are very large and ſhallow, arid contain one Howtos 
muids of falt water. A briſk heat is applied; and as ſoon as 
the water boils ſtrongly, it becomes troubled, and an ocherous 
earth is ſeparated, in the form of ſcum ; another ſalt; of difficult 
ſolubility, is next ſeparated, which is found to be ſulphat of lime, 
the workmen call it /cþ/z?, the ſchlat, mixed with a ſmall quanti- 
ty of muriat of ſoda, ſulphat of ſoda, and earthy muriats. The 
ſcum is received in little troughs of cloth, placed round the ſides 
of the boiler, into which it is thrown by the circulation of the 
boiling liquor. Theſe troughs are taken out and cleared, from 
time to time, and repeatedly put in again, till a large quantity of 
ſmall cubical cryſtals, called by the workmen piedi de mouches, ap- 
pear on the ſurface of the liquor. At this period, the troughs 
are taken away entirely; the fire is diminiſhed, and the muriat 
of ſoda is taken out with ladles, in proportion as it cryſtallizes in 


ſufficient quantity; the evaporation is continued till no more cu- 


bical cryſtals are afforded. The cryſtals are larger, the flower 


the evaporation; and the remaining fluid, called mother water, 


contains xg the muriats +5. 3 — 


* The muid of wine contains 280 French pints. 

'+ A neutral ſalt is prepared at Montmorot, which is known by the name of 
Epſom ſalt of Lorrain, but it is nothing more than fulphat of ſoda, or Glauber's 
falt, whoſe cryſtallization has been diſturbed; it may be diſtinguiſhed from the 
true ſulphat of magneſia, or Epſom falt, by its eMoreſcing 1 in the air; whereas the 
Fpſom falt, ſuch as we receive from "RD is ee Note A Au- 


thor. 
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Wallerius mentions a fourth proceſs uſed in the north to ob- 
tain ſalt from ſea water. This water is expoſed in trenches on 


the atmoſphere ſoon freezes it; but as the ice conſiſts of mere 
water, the unfrozen part, after the ice is taken out, is of courſe 
more concentrated, and may be duly evaporated with a leſs de- 
gree of heat. It is conveyed into leaden boilers, and evaporated 
by fire ©. 

The cryſtals of muriat of ſoda, are very regular cubes, and 
larger in proportion as the evaporation has been more ſlowly 
conducted; they adhere together by their edges, ſo as to form 
ſquare maſſes with a pyramidal cavity, having the appearance of 
ſteps within. Rouelle the elder has obſerved and deſcribed this 
phenomenon very accurately in his Memoirs on Cryſtallization, 
and Bergman has very ingeniouſly accounted for the fact. 

The taſte of this ſalt is well known, and generally agreeable. 
This ſalt, when expoſed to a briſk heat, burſts, and flies in 
pieces. This phenomenon is called decrepitation, and is produced, 
as we have already obſerved in treating of ſulphat of poraſh, and 


lzation. When all the water is evaporated i in this manner, the 
decrepitation ceaſes, and the ſalt is reduced to a pulverulent 
form : if the heat be continued, it melts after ignition, and being 
poured on a ſmooth ſtone, becomes a kind of mineral cryſtal ; 
but it is not at all altered, for its original form may be again re- 
ſtored by ſolution in water. Fire does not, therefore, decompoſe 
it; a very ſtrong heat volatilizes it without alteration. 

Muriat of ſoda, when pure, is not ſenſibly changed by expo- 
ſure to air; it rather becomes dry than moiſt, and attracts hu- 
midity only in ſuch caſes as it contains muriats with carthy 
baſes, as in Sel de Gabelle. 

It is very ſoluble in water; no more than three parts of this 
fluid being required to diſſolve one of the ſalt. Three ounces 
and a half of water diſſolve one ounce of ſalt very completely 
and it is not more ſoluble in boiling than in cold water. Heat 
cauſes the ſolution to be made ſome what more quickly. The 


—ů —— 


The addition of a fixed alkali 65 the ſolution of Epſom falt, occaſions a cloud, by 
the precipitation of the magueſia; but Glauber's ſalt, treated in the fame manner 
temains A 14.2 i 
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the ſea ſhore, where it forms ſo thin a ſtratum, that the cold of 


muriat of potaſh, & c. by the rarefaction of the water of cryſtal- 
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cryſtals of this ſalt are obtained by a very flow evaporation, 4 
number of ſmall points, pieds de mouches, form on the ſurface of 
the liquor, unite and produce a pellicle, more or leſs thick ; 
ſometimes, inſtead of cubes, we obſerve a kind of {ſquare and 
hollow pyramids, ſimilar in form to a mill-hopper. The man- 
ner in which theſe cubical cryſtals form ſquare and hollow pyra- 
mids, was obſerved by Mr. Rouelle to be as follows: When one 
cube is formed, its weight cauſes a depreſſion of the ſurface of 
the water around it; a ſecond cube formed near the firſt is at- 
tracted by it, or falls into the cavity, and adheres to one of its 
ſides; the ſame thing happens with regard to the other ſides, 
and this ſucceſſive accretion mult produce hollow pyramids with 
their baſes uppermoſt, which, when arrived at a certain magni- 
tude, ſink by * weight. If the ſalt diſſolved, be pure, 
the water, after it has ceaſed to depoſite cryſtals by evaporation, 
will contain no ſaline matter; but the water of the ſea, and of 
ſaline ſprings, always contains ſalts with an earthy baſe. We 
may precipitate the earth by means of ſoda, as we ſhall after- 
wards explain under the article Earthy Neutral Salts, This is 
the method employed to obtain very pure muriat of ſoda d. 

Muriat of ſoda appears to facilitate the fuſion of glaſs ; it al. 
ways occupies the upper parts of the pots, and conſtitutes a = 
part of the matter called glaſs gall. 

This ſalt is uſed to vitrify the ſurface of certain kinds of pot- 
tery, and to give them a kind of covering; this is done by throw- 
ing a certain quantity of this ſalt into the furnace, where it is vo- 
latilized, and applies itſelf to the ſurface of the pottery, occaſion- 
ing fuſion by its extreme heat. 'Fhis is the kind of glazing uſed 
in the making Engliſh pottery *. 

Siliceous earth does not alter this falt, though it ſeems to 
haſten its fuſion. 

Pure clay has much leſs 3858 on muriat of ſoda than on nitre, 


affording by diſtillation only a ſmall quantity of weak acid; the 


— 
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* The pottery here ſpoken of, is of the kind called ſtone ware. It is not pr 
bable that the vitrification is produced by any extreme heat in the vapours of th: 
ſalt, but that the alkali of this laſt, uniting with the ſiliceous earth contained it 
the ware, compoſes a glaſs; part of the marine acid being at the ſame time ſet at 
liberty. Hence the ſurface of this pottery is always rough, the argillaceous par: 
of the ware not being equally corroded by the alkali. The glaze of A 's Ware 
is chicfly lead. T. 


©. 2 nun 


MURIAT OF SODA: 467 


diſtillers of aquafortis, it is true, obtain the muriatic acid called 
firit of ſalt in this manner, but they employ the moſt impure 
falt, which contains ſeveral muriats with earthy baſes, and like- 
wiſe uſe a coloured and very impure clay. 


Barytes decompoſes muriat of ſoda, as well as all the other 


alkaline ſalts; as the experiments of Bergman ſhow. Lime and 
magneſia produce no change in muriat of ſoda, but theſe two 
ſalino- terreſtrial ſubſtances combined with the carbonic acid, 
may perhaps ſeparate its principles by the way of double elective 
attraction. 

The cauſtic potaſh decompoſes muriat of ſoda, N it has 


a ſtronger affinity than ſoda to its acid. A ſolution of ,muriat.of 


ſoda, mixed with potaſh, affords muriat of potaſh by evapora- 
tion, and the mother water contains ſoda pure and diſengaged. 
Acids have a powerful action on muriat of ſoda. If concen- 
trated ſulphuric acid be poured on this ſalt, a very conſiderable 
inteſtine motion, attended with a ſtrong heat, is produced; a 
riolent efferveſcence * is perceived, which ariſes from the muri- 


atic acid diſengaged in the form of gas, as is evident from the 
white vapour it forms with the water of the atmoſphere ; and 


by i its ſtrong ſmell, not unlike that of ſaffron, when the vapour 
is much diluted, If this operation be made with a mercurial 


- pneumato-chemical apparatus, much muriatic acid gas is obtained. 


Glauber firſt obſerved, and accurately deſcribed the decompoſi- 
tion of marine ſalt by the ſulphuric acid; whence the acid ob- 
tained in this method has been called Glauber's ſpirit of ſalt ; it 
was by examining the reſidue of this operation, that he diſ- 
covered his /al admirabile or ſulphat of ſoda. 

Moſt authors direct in the diſtillation of muriatic acid to put 
decrepitated muriat of ſoda into a tubulated retort of ſtone ware, 
and to pour the half of its weight of concentrated ſulphuric acid 
through the tubulated part. Acid vapours are plentifully diſen- 
gaged, which paſs through the neck of the retort into two re- 


ceivers, the firſt having two necks, and the ſecond being applied 


to its external neck; a [real hole 3 is drilled in this laſt receiver 
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* The ee is as evident in this operation, as in the union of the fame 
acid with lime and alkalis, ſaturated with carbonic acid. It takes place, therefore, 


every time that a body, diſengaged from its combination, is volatilized under the 


form of gas. It may be produced by carbonic, muriatic, nitric, ſulphuric, fluoric 
vcids, &c. and ought not to he attributed to the diſengagement of air, 
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that the vapours may eſcape, and the apparatus be prevented from 
burſting. In this operation, as well as in the common method of 
diſtilling nitrous acid, a large quantity of the pureſt muriatic acid 
is loſt, which is diſſipated in the form of gas, through the hole in 
the receiyer; at the ſame time that the corroſive vapours, wiel. 
fill the laboratory, are very inconvenient, and noxious to the ope- 
rator. Baume, to obviate part of theſe inconveniences Puts a 
quantity of water into the retort, which being volatilized in the 
receiver, abſorbs a great quantity of the muriatic acid gas. But 
as this gas riſes much ſooner than the water, the loſs is never- 
theleſs very confiderable. Woulfe, by a method very different 
from that of Baume, procures the ſtrongeſt and moſt concentrated 
muriatic acid: inſtead of volatilizing the water after the vapour 
of muriatic acid, he cauſes the gas to paſs through that liquid, by 
means of the apparatus defcribed at the article z{tre. 

Eight ounces of diſtilled water are put into the collateral bottles, 
when a mixture of two pounds ef muriat of ſoda, and one of 
concentrated ſulphuric acid, is uſed. The muriatic acid gas, con- 
ducted by the tubes, is diſſolved in the water of the bottles; the 
combination of the gas heats the water almoſt to boiling ; and the 
quantity of air abſorbed is nearly equal in weight to that of the 
water. When it is thus far charged, it diſſolves no more, and 
becomes cold; but the gas paſſing into the ſecond collateral bottles, 
unites with, and heats the water they contain. 

This ingenious proceſs agreeing well with the known properties 
of the muriatic acid gas poſſeſſes ſeveral advantages. 1m, It pre- 
vents the inconveniencies ariſing from the diffuſion of the acid va- 
pours in the air. 240, It prevents the very great loſs of acid, which 
was unavoidable in the old proceſs. 37, It affords the muriatic acid 
In a ſtate ſtronger, more concentrated and fuming than can be other- 
wiſe procured. 470, This acid is at the fame time very pure, being 
formed entirely by the gas diflolved in water. It is therefore very 
white, while that formerly obtained was always of a citron colour; 
a circumſtance which has led chemiſts into the error of aſſuming 
that character as diſtinCtive of the acid; the portion of liquid acid, 
which in this proceſs is condenſed in the receiver, is yellow, and 
contaminated by the foreign matters which riſe from the matters 
contained in the retort, in the ſame manner as happens in the 
ancient proceſs. 5, The new method enables the artiſt to judge 
of the neceſſary degree of heat, and of the mode of conducting 
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the operation by the more or leſs rapid paſſage of the muriatig 
acid gas through the water in the receivers. 6, and /aftly, An 
additional and moſt valuable adyantage of this method is, that it 
accurately aſcertains the quantity of acid contained in any neutral 
falt, no portion thereof being loſt. 

The nitric acid likewiſe decompoſes muriat of ſoda; but as it is 
itſelf volatile, it riſes and unites with the acid of this ſalt, forming 
the mixture called nitro-muriatic acid, or agua regia. 

Baron has diſcovered, that boragic acid diſengages the acid of 
muriat of ſoda, by the aſſiſtance of heat; the reſidue of this ope- 
ration is very pure borat of ſoda. 

The carbonic and fluoric acids have no evident action on mu- 
riat of ſoda. 

The neutral ſalts, hitherto deſcribed, do not act on 4 ſalt; 
the ſulphats and nitrats of potaſh and ſoda, and the muriat of 


potaſh being diffolved in the fame water with muriat of ſoda, each 


of theſe ſaline matters cryſtallizes in its own particular manner ; 
the muriat of ſoda is one of thoſe which cryſtallizes firft, during 
the progreſs of the evaporation, and is mixed with a ſmall quan- 
tity of the ſulphat and muriat of potaſh ;z but the ſulphat of ſoda 
and nitrat of potaſh remain lqnger in ſolution, and cryſtallize by 
cooling. The mother water, from which marine falt has been 
obtained in Lorrain, is conveyed while hot into caſks, where it is 
continually agitated during its cooling; by which means the ſul- 
phat of ſoda eryſtallizes confuſedly, in ſmall needles, reſembling 
the true Epſom falt, or ſulphat of magneſia. 

The uſes of muriat of ſoda are extenſive and numerous; it is 
employed, 1ſt, In the glazing of pottery, by producing a flight 
fuſion of the exterior ſurface of the ware. 2d, In glaſs-making, 
to render the glaſs whiter and clearer. 3d, In docimaſtic eſſays, 
either as a flux to facilitate the precipitation of metals from. the 
ſcoriæ, and to prevent their alteration by the contact of the at- 
moſphere. | 

Common falt is at preſent applied to another uſe, of more con- 
ſequence than thoſe we have mentioned; namely, to the extraction 
of ſoda, which daily becomes more ſcarce, and is indiſpenſably 
neceflary in many of the arts: ſeveral perſons in England poſſeſs 
this ſecret, and extract the ſoda from ſea- ſalt in the large way. Io 
chemiſts have thought that litharge is capable of decompoſing th 

muriat of loda! in the cold, and by ſimple maceration: it nd, 
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that, by uniting the two properties, the firft of containing carbs. 
nic acid capable of attracting the ſoda, and the ſecond of formin 
an inſoluble ſalt with the muriatic acid, which would therefore 
be eaſily ſeparated from the alkaline lixivium, the litharge might 
act by a double affinity; but my trials on this head have proved 
that the proceſs is inſufficient, Scheele found that iron, plunged 
in a ſolution of muriat of ſoda, became covered with ſoda, ſatu- 
rated with carbonic acid. He had the ſame ſucceſs with the 
ſulphat and nitrat of ſoda, or Glauber's ſalt, and rhomboidal nitre, 
treated in the ſame manner. He diſcovered, that quicklime, 
mixed with a ſolution of muriat of ſoda, and left in a moiſt cellar, 
afforded an effloreſcence of Toda, and that calcareous muriat was 
formed. Cohauſen announced this fact, in the year 171) 
Morveau has proved that theſe decompoſitions are effected by 
favour of the carbonic acid; becauſe a ſolution of the ſulphat and 
muriat of potaſh, poured into lime-water, rendered turbid by the 
carbonic acid, became clear and tranſparent and becauſe there is 
no precipitate afforded by pouring water impregnated with car- 
bonic acid into a mixture of lime-water, and a ſolution of theſe 
ſalts. Theſe facts are the data from which we muſt ſet out in en- 
deavouring to diſcover a way of extracting ſoda from marine ſalt, 
and in forming eſtabliſhments for this purpoſe, on the large ſcale, 
| Muriat of ſoda is univerſally uſed as a ſeaſoning for food; it 
| Facilitates digeſtion, by producing a commencement of the putrid 
alteration in the alimentary ſubſtances, For though it is well aſ- 
certained, by the experiments of Pringle, M Pride, &c. that it 
retards putrefaction, and, like moſt ſaline matters, is a powerful 
antiſeptic when added, in conſiderable quantities to animal mat- 
1 ters; yet it acts in a very different manner when mixed with 
5 thoſe ſubſtances in a ſmall doſe, ſince it cauſes them to putrefy 
| more quickly. This fact is proved, by the experiments of the 
author of Eſſays intended to ferve as an hiſtory of putrefaction, 
and likewiſe by thoſe of Mr. Gardane. | 

I his falt is not of leſs utility in medicine; it is put into the 
mouth, and employed externally as a power ul ſtimulant in apo- 
plectic or paralytic diſorders; and is in many caſes a good diſ- 
cuſſive. It is particularly . by Ruſſel { De Tabe Glan- 
dulari ) for lymphatic tumours, ariſing from a ſcrophulous diſpo- 
ſition of the animal ſyſtem. I have myſelf obſerved its happy ef- 
fects in many diſorders of this nature. It proves purgative when 
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adminiſtered in a doſe of ſeveral drachms. As it is the impure 
galt that is commonly uſed, its effects are in part to be attributed 
to the calcareous and magnefian muriats which it contains, 


Species VII. Borat of Soda; or Superſaturated Borat of Soda *, 


The borat of ſoda, or common borax, is a neutral ſalt, formed 
by the combination of the boracic acid, with exceſs of ſoda. 

The hiſtory of this ſalt, which comes to us from the Eaſt In- 
dies, is very uncertain: it is not well known whether it be a na- 
tural or an artificial product: in fact, though the diſcovery of 
boracic acid, diſſolved in the waters of certain lakes in Tuſcany, 
afford reaſon to conclude that borax of ſoda is a natural product, 
there are many facts which we ſhall mention that ſeem to prove, 
that this ſalt may be entirely formed or produced by certain pro- 
ceſſes. And we may probably, in future, poſſeſs artificial me- 
thods of forming borax, in the ſame manner as we have artificial 
nitre beds in feveral parts of Europe. 

Borax is found in commerce in three different ſtates; the firſt 
is crude borax, tincal, or chryſocolla, which comes from Perſia. 
It is in greeniſh maſſes, of a greaſy feel, or in opake cryſtals of 
an olive green, which are ſix- ſided priſms terminated by irregular 
pyramids, There are two varieties of theſe green cryſtals differ- 
ing in magnitude: this ſalt is very impure by the admixture of 
foreign matters. 

The ſecond ſpecies of borax is known by the name of borax of 
China. It is rather purer than the foregoing z in the form of 
{mall plates or maſſes irregularly cryſtallized, of a dirty white. 
It appears to conſiſt of fragments of priſms and pyramids con- 
tounded together without any ſymmetrical arrangement z a white 
powder 1s obſerved on the ſurface, which 1s thought to be of an 
argillaceous nature, 

The third ſpecies is the Dutch or purified borax. It is in the 
form of portions of tranſparent cryſtals of conſiderable purity; py- 
ramids with ſeveral facets may be recognized, the cryſtallization 
appearing to have been interrupted. This form ſhows to a cer- 
tainty that the Dutch refine this ſalt by ſolution and cryſtallization, 


87 


1 Hitherto we have ſpoken, firſt, of ſuch pov ſalts as have potaſh for their 
baſe; but with reſpeR. to ſalts, which contains the boracic acid, we are under the 
neceſſity of beginning with that which has ſoda for its baſe, becauſe it is the oply 
Mc we ate well acquaintey with. Vote of the Author, 
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Laſtly, The Meſſrs. Leſgulliers, chemiſts in the Rue der Lan. 
bards, at Paris, prepare a purified borax, in no reſpect inferior 
to that' of Holland, and perhaps even of greater purity. 

Beſides theſe four kinds. of borax, an apothecary at Paris, M. 
la Pierre, imagined he has diſcovered that it is continually form. 
ed in the ſoap ſuds and refuſe waters of the kitchen, which a cer. 
tain individual preſerves in a kind of ditch, and from which at 
the end of a certain time he obtains true borax in fine cryſtals, 
This fact, firſt announced ten years ago, has not ſince been con- 
firmed. All that we can deduce from the known facts concery. 
ing its formation, is ſimply, that it is produced in ſtagnant waters, 
which contain fat matters. Some authors affirm, that it is pro- 
duced by art in China; a mixture of greaſe, clay, and dung, is 
ſaid to be depoſited in a ditch, ſtratum ſuper ſtratum. This 
mixture is ſprinkled with water, and ſuffered to remain for ſome 
years, at the end of which time the maſs is lixiviated, and affords 
crude borax by evaporation. Others have ſuppoſed that it is ob- 
tained from water, which filters through copper mines. Baume 
poſitively affirms, that the former of theſe proceſſes ſucceeded 
very well with him. Chim. Exper. Tom. Il. p. 132, 

Purified borax has a very regular form; its cryſtals are fix. 
ſided priſms, two of the ſides being commonly larger than the 
ethers terminated hy trihedral pyramids. Its cryſtallization is how- 
ever ſubject to conſiderable varieties; its taſte is ſtyptic and uri- 
nous, and acts ſtrongly on the fibres of the tongue; it converts 
the ſyrup of violets to a green. We give to it the name of borax, 
in order to diſtinguiſh it from that which is ſaturated with bo- 

racic acid, or the true borat of oda. We call it alſo borat ſu- 
perſaturated with ſoda, in order to point out the nature © of its 
combination, 

Borax expoſed to heat quickly melts, by means of its water 
of cryſtallization ;\ it loſes this water gradually, ſwelling up, and 
conſiderably increaſing in magnitude, and is then in the form of 
a light porous and very friable maſs, diſtinguiſhed by the name of 
calcined borax. This appearance ariſes from the eſcape of the 
vapours of water, which raiſe the half dried falt into the form oi 
light pellicles, in which form they become dry, ſo as to leave ca- 
vities between each other. Calcined borax is not at all altered in 
its compoſition; nothing being driven off by the heat, but the 
water of cryſtallization, which is ſomewhat more than a third d 


BORAT OF SODA, = 


its weight. Its original form may be reſtored by ſolution in wa- 
ter and cryſtallization ; but when calcined borax is more ſtrongly 
heated, it melts into the form of a tranſparent greeniſh glaſs, 
which tarniſhes in the air, and is ſoluble in water. The nature 
of the borax is not at all changed by this fuſion; all its properties 
being reſtored by ſolution in water and cryſtallization. 

Air produces no change in this falt, excepting the depriving i it 
of a part of its water of cryſtallization 3 and by that means cauſ- 
ing an effloreſence on its ſurface. It ſeems that this effloreſcence 
is not always the ſame in the different kinds of purthed borax. 
The borax of China eMoreſces much leſs than that of Holland; 
and the borax purified at Paris {till leſs than either. This trifling 
difference doubtleſs depends on the proceſſes made uſe of in its 
purification, the manner of cryſtallizing, and the quantity of wa- 
ter its cryſtals contain, accordingly as they have been formed with 
more or leſs rapidity; and perhaps, likewiſe, on the different pro- 
portions of the acid'of borax and ſoda, which enter into its com- 
poſition. | 

Borax is very ſoluble 3 in water; twelve parts of cold, or fix of 
boiling water, are required to diſſolve one of the ſalt; its cryſtals 
may therefore be obtained by cooling, but the fineſt and moſt re- 
gular are formed by ſuffering the cold ſaturated ſolution to eva- 
porate ſpontaneouſly in the ordinary temperature of the atmo- 


ſphere. 
Borax ſerves as a flux to vitrifiable earths, with which it forms 


a good glaſs. It is employed in making artificial 3 ſtones, 
or falſe gems. 
It vitrifies clay, but much leſs completely hw ſiliceous earths; 


from this property it adheres to and glazes the inſide of crucibles. 


The action of barytes, and of pure magneſia, on borat of ſoda, 
is not known. Mr. Bergman, however, places theſe two ſub- 
ſtances before the alkalis in the firſt column of his table of affini- 
ties; which implies that they are capable of decompoſing this ſalt: 
but in his diflertation he affirms, that the affinities of ponderous 
earth and magneſia with the the acid of borax are not yet accu- 
rately determined. 

Lime has really a ſtronger affinity with the acid ol borax a 
ſoda has; lime-water precipitates the ſolution of this ſalt; but in 
order to decompoſe it perfectly, it is neceſſary to boil quicklime 
with borat of ſoda; 3 the precipitate which is then formed is an 
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almoſt inſoluble ſaline compound of lime with the boracic acid, 
and the cauſtic ſoda remains diſſolved in the water. 

Potaſh decompoſes borat of ſoda, as well as every other neutral 
ſalt with baſe of ſoda: ammoniac does not act upon it at all; 

Acids act ſtrongly upon this ſalt; if concentrated ſulphuric 
acid be gradually poured into a boiling ſolution of borat of ſoda, 
till the liquor contains a flight exceſs of acid, a very abundant 
precipitate, in the form of ſmall brilliant ſcales, is obtained by 
cooling. This muſt be waſhed with diſtilled water, and dried; 
it is the boracic acid. The liquid being evaporated, and cooled 
ſucceſhvely for ſeveral times, affords more boracic acid; and at 
laſt ſulphat of ſoda is obtained, by the union of the alkalint baſe 
of the borax to the ſulphuric acid, 

The nitric and muriatic acids decompoſe borat of ſoda in the 
ſame manner, becauſe, like the ſulphuric acid, they have a ſtronger 
affinity with ſoda than the boracic acid has. The reſidues of theſe 
evaporations afford nitrat or muriat af ſoda. The diſcovery of 
boracic acid appears to havg been made by Beccher, but it is com- 
monly attributed to Homberg, who firſt accurately deſcribed 3 
proceſs for obtaining it, jn the Memoirs of the Royal Academy 
for 1702. The proceſs conſiſted in diſtilling a mixture of cal. 
oined ſulphat of iron, borat of ſoda, and water: he called the ſub- 
limed ſalt, volatile narcotic ſalt of vitriol, on account of the fir 
mentioned ingredient, which he ſuppoſed to contribute greatly to 
its formation. Louis Lemery, eldeſt ſon of the famous Nicholas, 
has made many experiments with borat of ſoda; and in the year 


1728, he obſerved, that boracic acid, called then ſedative ſalt, may 


be obtained by means of the pure ſulphuric, nitric, and muriatic 
acids; but he always uſed the method of ſublimation. It is to 
Geoffroy the younger, that we are indebted for a complete ana- 
lyſis of borat of ſoda, in the year 1732, he obtained boracic acid 
by evaporation and cryſtallization z and by examining the reſidue 
of the proceſs, he ſhowed, that ſoda is one of the principles of 
borax. | 
The experiments of Baron on this ſalt, preſented to the Aca- 
demy in the years 1745 and 1748, exhibit two important facts in 
addition to-thoſe before known. The firſt is, that vegetable acids 
ke wiſe decompoſe this ſalt ; and the ſecond is, that the true borar 
may be recompoſed by uniting boracic acid with ſoda, by which 
it is proved, that the acid exiſts ready formed in the ſalt, and that 
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the other acids made uſe of in procuring it do not at all contri» 

bute to its formation. 

The fluoric acid, and even the carbonic acid, though one of 
the weakeſt, are capable of decompoling borat of ſoda, and ſepa» 
rating the boracic acid. This laſt readily unites with borax, 
whoſe alkaline baſe requires for its perfect ſaturation ſomewhat 
more boracic acid than is equal to the weight of the borax itſelf. 
Bergman even thinks that this ſalt is imperfeQly ſaturated, and 
that its alkaline properties cannot be remoyed, but by this addi- 
tion of boracic acid: the properties of this neutral ſalt, or the true 

borat of ſoda, have not yet been fully inquired into, 

Neutral ſalts, conſiſting of a fixed alkali united with the ſul. 
phuric, nitric, or muriatic acids, have no action on borat of 
ſoda. | 

This ſalt, fuſed with combuſtible matters, as for emit; char. 
coal, acquires a reddiſh colqur, but the alteration it fuſtains is not 
well known, | 

Borax is exceedingly uſeful in ſeveral manufactures; it is em- 
ployed as an excellent flux in the art of glaſs-making, as well as 
in aſſays, It 1s adyantageouſly uſed in ſoldering, which it pro- 
motes by aſſiſting the fuſion of the ſolder, by ſoftening the ſur- 
faces of the metals, and by defending them from the contact of 
the air, by which they would otherwiſe be calcined. Borax was 
formerly much uſed in medicine, but it is at preſent entirely 
abandoned 2, 


Species VIII. Borat of Potaſh, 


We give the name of borat of potaſh to the*combination of 
boracic acid with potaſh. It is well known, that theſe two ſaline 
ſubſtances are ſtrongly diſpoſed to unite, and that a neutral ſalt, 
analogous to borat of ſoda is produced in this operation; the re- 
ſidue of nitrat of potaſh decompoſed by boracic acid is of this 
kind. Mr. Bauméè affirms, that this reſidue is a white maſs, im- 
perfectly melted, and that by ſolution in water it affords a ſalt in 
{mall cryſtals. The borat of potaſh is therefore fuſible, ſoluble, 
and cryſtallizable. The pure acids decompoſe this ſalt, as well 
as borat of ſoda; but nothing more is known concerning this ſalt 
which has been ſcarcely at all examined, Baron was acquainted 
with the poſſibility of producing this ſalt, by the direct combina- 
tion of boracig acid with potaſh ; he has even made a diſtinction 
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between this and the common borax, or that with baſe of foda, 
but he lays nothing of its properties. : 


Species TY” Fluat of Potaſh. 


By this name, according to the rules of the new nomenclature 
hitherto adopted, we may diſtinguiſh the combination of the fluo- 
Tic acid with potaſh. This kind of neutral ſalt has hitherto been 
| only ſlightly examined by Scheele and Boullanger. It is alway; 
in a gelatinous form, and never cryſtallizes. According to Scheele, 
it is acrid, cauſtic, and deliqueſcent, when dried and melted: he 
compares it in this ſtate to the liquor of flints. It appears that 
the fire diſengages the fluoric acid, and that the filiceous earth, 

always taken up by this acid, melts into. a ſoluble glaſs by mean: 
of the potaſh. | 

Fluat of potaſh is very ſoluble in water, of which fluid it 0 
retains ſo large a quantity, as to render it incapable of taking the: 
cryſtalline form. When well ſaturated, its ſolution produces ny 
nee in ſyrpp of violets. | 

The action of the ſiliceous, argillaceous, barytic, and magneſian 
earths on this ſalt, are not known, : 

According to Scheele and Bergman, lime has a ſtronger aflinity 
than potaſh, with the fluoric acid. Fluat of potaſh is immediately 
decompoſed by lime-water ; the lime unites with the fluoric acid, 
and forms an inſoluble ſalt, which renders the liquor muddy, and 
is the fluat of lime. We ſhall hereafter obſerve, that the neutral 
falts formed by the carbonic acid and fixed alkalis, are likewiſe 

decompoſed by lime. We have alſo ſeen that borat of ſoda, is 

.precipitated by lime-water z the fluoric is not, therefore, the only 
acid which has a ſtronger affinity to this ſalino-terreſtrial ſubſtance 
than to fixed alkalis. 

Concentrated ſulphuric acid nnn the fluat of potaſh and 
diſengages its acid, which, according to Boullanger, exhibits 
the white vapours and ſmell peculiar to muriatic acid. When 
this experiment is made, in a proper apparatus for diſtillation, the 
fluoric acid is collected in the ſame manner as the acids of nitrat of 
potaſh and muriat of ſoda, when decompoſed by the ſulphuric acid. 

The action of the nitric and muriatic acids, as well as that ot 
the neutral ſalts upon fluat of potaſh, has not, that we know oh 
been examined into. 


This ſalt is not applied to any uſe, 4 


* 


FLUAT OF SODA, 477 


: 55 Species A. Fluat of Soda. 


We ute this name to * the ſaturated combination of the 
fluoric acid with ſoda. Like the preceding ſalt, it has been very 
little examined. Meſſrs. Scheele and Boullanger ſpeak of this 
combination, but their accounts do not agree. 

Scheele affirms, that ſoda united to the fluoric acid, forms a 
jelly, like the preceding ſalt; Boullanger, on the contrary, 
affirms, that this combination affords very ſmall, hard, brittle 
cryſtals, in oblong ſquares, of a bitter and rather ſtyptie taſte. 
On hot coals it decrepitates, like muriat t of ſoda ; and it is ſcarce- 


ly ſoluble in water. 
Lime- water decompoſes this falt, in the ſame manner as it. 


does fluat of potaſh. 
Sulphuric acid diſengages the acid with efferveſcence and the 


production of white {trong-ſmelling vapours, reſ:mbling thoſe of 


muriatic acid. | 
This ſhort account ſhows, that fluat of ſoda is not better 


known than the fluat of potaſh. | 
Species XI. Carbonat of Potaſh. 


The two perfect neutral ſalts, which remain to be examined, 
are combinations of the carbonic acid with fixed alkalis. 

Theſe ſubſtances have never been ranked among neutral ſalts, 
though they are truly ſuch, as we ſhall ſhow. 

By the name of carbonat of potaſh, we diſtinguiſh a neutral 
ſalt, produced by the ſaturated combination of the carbonic acid 
with potaſh. Some modern chemiſts diſtinguiſh-it by the name 
of mephitic tartar, aerated vegetable alkali, &c. This ſaline ſub- 
ſtance was not known to be a neutral falt, but was always taken 
for a pure alkali, till the time of Dr. Black. It was formerly 
called Fixed ſalt of tartar, becauſe it is obtained by the incinera- 
tion of tartar of wine. It was conſidered as an alkali, becauſe it 
has ſome of the properties of thoſe ſalts; in fact, it gives a green 
tinge to the ſyrup of violets ; but borax and ſeveral other falts 
have the ſame property; beſides which, it does not deſtroy or 
diminiſh the colour of violets, like potaſh. Borax likewiſe has an 
alkaline taſte. It was diſtinguiſhed from the alkali of ſoda, by 


the property it was ſaid to have of ſtrongly attracting the humi- 


City of the air, and its being incapable of cryſtallization; thus 
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moiſtened it was called o- of tartar per deliquium * ; but theſe two 
properties depend on the ſalt of tartar not being perfectly neu- 


tralized, as it contains a certain quantity of potaſh not ſaturated 


with carbonic acid, by reaſon of which exceſs of alkali it is deli. 
queſcent. This ſalt is now obtained very cryſtallizable, and ra- 
ther effloreſces than attracts the humidity of the air. M. de 
Chaulne, who has made many experiments relating to this ſub. 
ject, prepares the ſalt, by expoſing a ſolution of cauſtic potaſh, 
or potaſh combined with a little carbonic acid in a place filled with 
the carbonic acid gas; as for example, the upper part of a vat of 
beer in a ſtate of fermentation: The alkah becomes ſaturated 
with the carbonic acid, and cryſtallizes regularly in quadrangular 
riſms, terminated by very ſhort four- ſided pyramids: 

The taſte of carbonat of potaſh is urinous, but much leſs ſtrong 
than that of the cauſtic vegetable alkali, as it may be employed in 
medicine in a doſe of ſeveral grains. This neutral ſalt melts readily 
in the fire, and quickly becomes alkalized ; if it be diſtilled ina 
pneumato-chetnical apparatus, its water of cryſtallization and its 
acid in an aeriform ſtate are obtained, and the potaſh remains 
fixed in an irregular maſs, together with a ſmall portion of the 
acid, which cannot but with the greateſt difficulty be expelled: 
According to the analyſis of Bergman, the carbonat of potaſh, ſa- 
turated with acid, and in perfeCt cryſtals, which he calls aerated 


vegetable alkali, contains, in the centenary, twenty parts of acid, 


forty-eight of pure alkali, and thirty-two of water. But it muſt 
be obſerved, that the carbonats appear to be more particularly 
ſuſceptible of variation, with reſpect to the doſes of acid they 
may contain. However, as the ſalt we now ſpeak of never eryſ- 
tallizes regularly but when it is perfectly ſaturated, the calcula- 
tion of Bergman may be eſteemed accurate®, 

Carbonat of potaſh, when well cryſtallized, is not altered in 
any reſpect by expoſure to air; its cryſtals remain tranſparent, 


and neither melt nor effloreſce. As it may be of great utility in 
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®* Bohnias reports, that having evaporated oi! of tartar ſlowly, by a gentle heat 
he obtained under a ſaline pellicle, fine cryſtals, which he preſerved for ſix years 
without alteration, though expoſed to different temperatures. (Diſſert. Phy/ico-Chim! 
4666.) M. Montet, a celebrated chemiſt of Montpelier, doubtleſs unacquainted 
with the diſcovery of Bohnius, likewiſe diſcovered a proceſs for cryſtallizing the 
fixed ſalt of tartar. Memoirs of the Academy hs Sciences, 1764, page 376. Note f tbe 
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many experiments, to have this ſalt ſufficiently pure, to poſſeſs 
this property of withſtanding the effects of the air, we think it 
neceflary to obſerve, that it may be conveniently prepared by ex- 
poſure of a ſolution of very pure potaſh, completely free from the 
ſulphat of potaſh, which this ſalt uſually contains, to the carbo- 
nic acid in the upper part of fermenting veſſels; or ſtill better, 
by agitating it, and pouring it continually from one veſſel into 
another. We then allow the ſolution to remain in contact with 


the carbonic acid diſengaged during fermentation, till it depoſites 


cryſtals of the carbonat of potaſh b. 


This ſalt diſſolves in four parts of cold water, and requires ra- 


ther leſs hot water for the ſame purpoſe e. During the time of ſo- 


lution, cold is produced. This laſt property, which diſtinguiſnes 


the neutral from the ſimple ſalts, is ſufficiently characteriſtic of 
the difference between carbonat of potaſh and the pure or cau- 
{tic potaſn. It cryſtallizes by evaporation and cooling: if its ſo- 
lution be too concentrated, it takes the form of an irregular maſs, 
a circumſtance which often happens in laboratories. | 

Like potaſh, it may be uſed as a flux for vitrifiable earths, be- 
cauſe the action of the fire diſſipates the carbonic acid; if a mix- 
ture of ſand with this ſalt be ſtrongly heated in a crucible, a 


conſiderable efferveſcence will be obſerved at the inſtant of vitri- 


fication, occaſioned by the diſengagement of the aeriform acid, a 
phenomenon which proves that ſiliceous earth cannot combine 
with the alkali, while ſaturated with this acid; and that it is this 
which is diſengaged in the inſtant of vitreous combination. This 
efferveſcence is ſo conſtant, that it is aſſumed as a characteriſtic 
of ſiliceous earth by Bergman, in his treatiſe on the Blow-pipe, 
who directs its fuſion with the carbonat of potaſh, for on Los 
poſe of obſerving this character. 

Alumine has no action on the carbonat of potaſh, which re- 
duces this earth, by fuſion, into a vitreous frit, though rather 
more difficultly hen the cauſtic potaſh. Barytes deprives this 
falt of the carbonic acid it contains. SS 

Lime likewiſe decompoſes it, by virtue of its greater affinity 


than that of potaſh with the carbonic acid: if lime-water be 


poured into a ſolution of carbonat of potaſh, a ſalt ſcarcely fo= 
luble is formed, by the union of the lime with the carbonic acid, 
which falls down, and the pure or cauſtic alkali remains diſſolved 

in the fluid ; this decompoſition is uſed in pharmacy to prepare 


3 


* wv 7 PLS 
—— — — 
% 


r e . 2 E I * 2 he 
— | Ng * 
: _ S 
- - © — — — 
* — * pw 
* A mY — 3 — ee — WE 3 PREY Pan 
r ow TR,» or FI os 32A RGA UDP tg ole nn A 


480  CARBONAT OF PO TAS E. 


the lapis cauſlicus, which conſiſts of the fixed alkali, rendered 
cauſtic by means of lime. Modern difcoveries have ſhown that 
the proceſs of Lemery, adopted i in many pharmacopeias, is very 
defective. It conſiſted in mixing two pounds of crude alkah *, 
with one pound of quicklime, to which ſixteen pounds of des 
were added ; this being filtered and evaporated in a copper vel. 
ſel, afforded a reſidue, which was melted in a crucible, and 
poured out on a ſmooth ſtone. In this operation, an impure and 
ſcarcely cauſtic alkali, charged likewiſe with copper, is obtained, 
Bucquzt, aware of theſe inconveniencies, directs the proceſ; 
to be made, in a more expenſive and leſs expeditious way, but 
with much more certainty in the procuring a very pure potaſl, 
ſo neceſſary to be had in chemical experiments. Two pounds of 
good quicklime is moiſtened with a ſmall quantity of water, to 
cauſe it to fall into powder; one pound of fixed ſalt of tartar i; 
added, together with a ſufficient quantity of water to form a paſte; 
when the whole is grown cold, fixteen pints of water are added, 


and the mixture is placed on a paper, ſupported by a piece of 


linen. About twelve pounds of a clear liquor paſs through, and 
the reſidue is waſhed with four pints of boiling water, to carry 
off the whole of the alkali. This liquor does not efferveſce with 
acids; but the beſt teſt of its perfect cauſticity is, its not occaſion- 


ing a cloud in lime-water, which it will do, if it contain the 


ſmalleſt quantity of carbonic acid. The liquid is not, however, 
ſufficiently pure to ſtand this teſt, and muſt be again treated with 
two additional pounds of quicklime, to bring it to that degree of 
perfection which is deſirable for nice experiments. If the alkali 
be obtained from this liquid, by evaporation in open veſſels; it 


ſeizes the carbonic acid contained in the atmoſphere; it mult 


therefore. be evaporated to dryneſs in a retort when the ſolid form 
is wanted. This tedious operation is not neceſſary in making the 
lapis caufticus, which will anſwer its intention, provided it con- 
tain a ſufficient quantity of cauſtic alkali to corrode the {kin ; but 
as the accurate experiments of modern chemiſtry require the dry 
cauſtic potaſh in a ſtate of purity, it is proper to obſerve, that the 
evaporation of the cauſtic alkaline lixivium ought t to be made in 
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* Or cendrgs gravelces, Theſe are the aſhes afforded by the combuſtion of the 
marc or huſks of grapes, and the dregs of wine. They contain much vegetable 


alkali, or carbonat of potaſh, together with ee W of 1 Note of ti 
Author We 
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doſed veſſels, and that this evaporation requires the fire to be 
carefully managed towards the end, on account of the great 
denſity the liquid acquires. The fixed alkali obtained by this 
proceſs ought to be exceedingly white, to make no efferveſcence 
with acids, and to pn no precipitation when added to lime- 
water. 

Magneſia produces no effect on carbonat of potaſn, becauſe che 
vegetable fixed alkali has à ſtronger affinity to carbonic acid than 
to this ſalino- terreſtrial ſubſtance. 

The ſulphuric, nitric, muriatic, and fluoric acids, decompoſe 


carbonat of potaſh, by uniting with the fixed alkali, and ſeparat- 


ing the carbonic acid, which is diſengaged with effcrveſence. 
This acid, in the gaſeous ſtate, may be collected over water and 
mercury; it is known by the four following characters: it is 
heavier than the air of the atmoſphere, extinguiſhes flame, red- 
dens turnſole, and precipitates lime-water. 

The acid of borax does not ſeparate the carbonic acid from this 
falt in the cold, but very cafily produces the effect when heated. 

The neutral ſalts hitherto examined have no action on carbonat 
of potaſh. This ſalt is very abundantly found in nature: it ex- 
iſts ready formed in vegetables, and is obtained by the incinera- 
tion of theſe organic bodies, as we ſhall more particularly de- 
ſcribe in our account of the vegetable kingdom. Tt. is obtained 


more particularly from burned tartar, and is likewiſe prepared 


by the detonation of nitrat of potaſh. 

The uſes of carbonat of potaſh in the arts are many; it is em- 
ployed in medicine as a very active ſolvent z in obſtructions of 
the meſentery and the urinary paſſages, it is not adminiſtered 
but in ſmall doſes, together with ſome ſubſtance which may mo- 
derate its action. 


| Species AI. Carbonat of Soda. 


Kits neutral ſalt, like the foregoing, was till lately conſidered 
as an alkali, though it is a combination of the mineral alkali with 
carbonic acid: it appears to be the falt known to the ancients by 
the name of natrum. It is commonly called /alt of ſoda, becauſe 
it is obtained in a conſiderable degree of purity, and well eryſ- 
tallized by evaporating a lixivium of ſoda. The diſtinction made 
detween the vegetable fixed alkali and the marine alkali, founded 


on the property of the latter to cryſtallize and fall into effloreſ- 
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cence, ariſes merely from its being ſaturated with carbonis "i 
in its ordinary tate. 

The carbonat of ſoda has an 2 taſte, and ey _ 
{ſyrup of violets green, though this does not alter its colour ſo 
much as the cauſtic ſoda does ; its taſte is urinous, but neither 
ſo burning nor ſo cauſtic as that of the ſame alkali in a ſtate of 


purity. 
This falt is ny: found purer than carbonat of potaſh, 


becauſe its property of cryſtallizing has long been known; this 


property, as we have before obſerved, is a general criterion to 
diſtinguiſh neutral from ſimple ſalts. It owes this property to 
its almoſt always containing the quantity of carbonic acid neceſ- 
ſary for its ſaturation and cryſtallization. 

- This neutral ſalt haſtily cryſtallized, appears to be formed of 
rhomboidal laminz, obliquely applied on each other, after the 
manner of tiles. When it is ſlowly cryſtallized, it takes the 
form of rhombic octahedrons, whoſe pyramids are truncated very 
near their baſe, or tre] ſolids, with two acute and- two 
obtuſe angles. 

This ſalt is more fuſible than carbonat of potaſh, and is for 
that reaſon preferred by glaſs- makers; it loſes the greateſt part 
of its acid by the action of heat, but always retains a part. Berg- 
man, by an accurate analyſis, found that one hundred parts of 
carbonat of foda, which he calls aerated mineral alkali, contain 
Gxteen parts of acid, twenty parts of pure alkali, and fixty-tour 
parts of water, ſo that ſoda requires a larger portion of carbonic 
acid for its ſaturation than potaſh, and retains twice the quantity 


of water; its more regular cryſtallization, and its property of 


effloreſcing, ſeem to depend on this portion of water. 
Carbonat of ſoda is more ſoluble than carbonat of potaſh, as 
it requires only twice its weight of cold water, or half that quan- 


tity of boiling water, to hold it in ſolution. It cryſtallizes by 


cooling; but ſpontaneous evaporation affords more regular cry- 
ſtals. This ſalt expoſed to the air, readily falls into powder, by 
the loſs of its water of cryſtallization ; it is not, however, al- 


_ tered by this effloreſcence, but recovers its original form by ſo- 


lution in water and cryſtall:zation. 


The fuſion of vitrifiable earths is oreatly facilitated by this aal. 


and the glaſs it forms is more durable than that into which the 
carbonat of potaſh enters; which is a ſecond reaſon for prefers 
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ling it in the glaſs manufactories. The ſame diſengagement of 

the carbonic acid from this ſalt, when fuſed with ſand, as was 

obſerved to take place in carbonat of potaſh, is alſo found to take. 

place with this. It has no more action on clay than the laſt 
mentioned falt. 

Barytes, lime, and its aqueous ſolution, ah carbonat e 
ſoda as they do that of potaſh, and diſengage the cauſtic mineral 
alkali. When a ſolution of this Kalt is added to lime-water, a 
precipitate falls down, which is not obſerved when the cauſtic 
is uſed: The cauſtic mineral alkali may be obtained for exact 
ox minute chemical purpoſes by the ſame proceſs with this alt, 
as we have before directed to be made for the preparation of the 
lapis cauſticus with potaſn. 

The carbonat of ſoda like that of potaſh is alſo Ae by 
the ſulphuric, nitric, and muriatic acids, and the carbonic acid 
may be collected over water or mercury. | 

This falt is found ready formed on the ſurface of the earth in 
Egypt; and elſewhere. It is likewiſe found in the aſhes of ma- 
rine plants, but not ſaturated with acid. To render it perfectly 
neutral, it may be directly combined with the carbonic acid, 
either by agitating it over liquors in fermentation, or by receiving 
the carbonic acid diſengaged from chalk, by ſulphuric acid. It 
may likewiſe be prepared by pouring carbonic acid into a veſſel, 
the ſides of which have been moiſtened with a ſolution of ſoda. 
The veſſel is covered with a wet bladder, and at the end of a few 
hours the combination is effected. The bladder finks in the veſ- 
ſel, on account of the vacuum which is formed in it, while the 
ſalt is depoſited in regular cryſtals on its fides. 

The carbonat of ſoda may be employed for the ſame uſes as the 
carbonat of potaſh ; and as it is much more valuable in the ma- 
nufactories of glaſs, ſoap, 8c. an effectual method of obtaining 
from marine ſalt, would be a valuable acquiſition to ſociety, We 
have ſeen that litharge, propoſed by ſome chemiſts to produce 
this effect, does not decompoſe the ſalt ; that Scheele has diſ- 
covered a more evident decompoſition of the muriat of ſoda, by 
lime and iron, witn the aſſiſtance of the contact of the atmo- 
ſphere, and the carbonic acid it contains. We ſee, that a pro- 
portion of this acid, greater than that which commonly exiſts in 
| the atmoſphere, muſt favour this decompoſition, by acting upon 
| the ſoda by its attraction 
i H h ij 


NOTES ON CHAPTER V. 


I. SULPHITE OF POTASH. 


2 Vince the publication of theſe Elements, Fourcroy has more minutely in- 
veſtigated the properties of the different ſulphites. This and the following note 
are taken from a tranſlation of his memoir in Mr. Nicholſon's valuable Journal. 

Sulpbureous acid gas was paſſed into a ſaturated ſolution of very pure carbonat 
of potaſh, until the efferveſcence ceaſed entirely. During this combination, a 
ſmall quantity of caloric was diſengaged, and the ſolution cryſtallized by cooling, 

This ſalt is uſually white and tranſparent ; ſometimes it is lightly yellow and 
ſemitranſparent, if its ſolution has been very concentrated, and the cryſtalliza- 
tion confuſed. Its taſte is penetrating and ſulphureous; its figure that of 3 
rbomboidal plate; its 8 1 preſents ſmall needles diverging from 


a common centre. 


When expoſed to a ſudden Nat it decrepitates, and loſes its water of cryſtall. 
zation ; afterwards, by ignition, it emits ſome vapours of ſulphureons acid. At 
length a portion of ſulphur is ſeparated, and the reſidue is ſulpbat of potaſh, 
with a flight excels of alkali. 

By expoſure to air, it ſlightly effloreſces, becomes opake and hard, its pene- 
trating ſulphureous taſte diſappears, and it acquires another which is acrid and 
bitter. In this ſtate it no longer efferveſces with acids. 

If this experiment he made in a cloſed apparatus with oxygen gas, it is found 
that the volume of the gas is diminiſhed, and that it js even totally abſorbed, 
when the quantity 1s properly regulated. We fee, therefore, that the ſulphite of 


potaſh may be converted into ſulphat, by depriving it of a portion of its ſulphur 


by fire, or by introducing a quantity of oxygen at a low temperature. 
The ſulphite of potaſh is foluble in a quantity of water nearly equal to its 
own maſs; and this ſolubility is increaſed by heat, 

This falt is decompoſed by lime and barytes, as may be ſhown by pouring 
lime-water into a ſolution of fulphite of potaſh. A white precipitate is afforded, 
which is the ſulphite of lime; and the potaſh remains diſengaged in the water. 
The ſulphureous acid does not, therefore, follow the fame laws of affinity 
as the — acid, fince this laſt adheres more e ſtrongly to potaſh than to 
lime. 1 

The alkalis do not FER the nature of the ſulphite of potaſh. 
Among the acids, ſome decompoſe the ſulphite of potaſh, by ſeparating th: 


ſulphureous acid; others change its nature without driving off its acid, by af. 


fording a portion of oxygen, and converting it into ſulphuric acid. The firſt of 
thefe effects is produced by the ſulphuric, muriatic, phoſphorie, and fluoric 
acids; the ſecond is effected by the nitric and the oxygenated muriatic acids. 
The acids of borax and of carbon do not occafion any change in the cold. 
When the ſulphuric acid is poured on the ſulphite of potaſh, a rapid efferreſ- 
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cence takes place, with a crackling noiſe, at the ſame time that much caloric 3s 
diſengaged. 

The nitric acid, on the contrrry, emits 0 vapours, mixed only with a ſmall 
quantity of ſulphureous acid ; and the reſidue is compoſed of a mixture of the 
ſulphat and nitrat of potaſh. 

The oxygenated muriatic acid mixed with the ſulphite of potaſh immediately 
loſes its ſmell, and the fluid is deprived of its ſulphureous taſte, 

If the ſolution of the ſalphite of potaſh, and alſo that of the oxygenated mu- 
riatic acid, be both concentrated, cryſtals of the ſulphat of potaſh are formed 
immediately on the mixture, | 

Charcoal converts the fulphite of potaſh into the ſulphure of potaſh. Salts 
with baſes of potaſh do not decompoſe this ſalt, 

Thoſe with baſes of ſoda, except the borat and the carbonat, are decompoſed 
by the ſulphite of potaſh, 


All the other ſalts, of which the acids are ſtronger than fulphureous acid, are 


equally decompoſed by the ſulphite of potaſh. 
The ſuperoxygenated nitrat and muriat of potaſh, when heated with the dry 
ſulphite of potaſh, take fire, and are changed into ſulphat. 


Several metallic oxyds act upon this ſalt, Some are entirely reduced to the 


metallic ſtate, ſuch as the oxyds of gold, ſilver, and mercury; others are brought 
nearer to that ſtate, ſuch as thoſe of lead, iron, and manganeſe, at the maximum 


of oxygenation. There are others which change the nature of the ſulphite of 


potaſh in an oppoſite direction to that which takes place in the foregoing caſes, 
that is to ſay, which convert it into ſulphat, by depriving it of a certain quan- 
tity of ſulphur, with which they form falphurated oxyds, ſuch as the oxyds of 
arſenic and of iron ſlightly oxydated. But in order that this operation may ſuc- 


ceed, it is neceſſary to boil theſe ſubſtances a long time in water, and afterwards | 


to add to the ſolution an acid which occaſions a coloured e en at the ſame 
time that ſulphurated hydrogen gas is emitted. 

All the metallic ſolutions, except the carbonates, are decompoſed by the ſul. 
phite of potaſh; and as moſt of the metallic ſulphites are inſoluble, different co- 
loured precipitates are formed, according to the nature of the metal, and its 
ſtate of oxydation. See Journal de PEcole Polytechnique, p. 445. 
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II. SULPHITE OF SODA. 


d This ſalt is white, and perfectly tranſparent ; its figure a four ſided priſm, 
two of the ſides being very broad, and two narrow, terminating in dihedral py- 
ramids. Its taſte is cool, and afterwards ſulphureous. 

Its habitudes in the fire are abſolutely the ſame as thoſe of the ſulphite of pot- 
aſn; except only that it commences its o operations dy the aqueous fuſion. 

By expoſure to the air it effloreſces, and is afterwards converted into ſulphat, 
but leſs ſpeedily than the ſulphite of potaſn. 

It requires four parts of water for its ſolution; is more abundantly ſoluble in 
hot water; and readily cryſtallizes by cooling. Barytes, lime, and potaſh de- 
compoſe the ſulphite of ſoda. ( 

It is inſoluble in alcohol. | 

Salts with baſes of potaſh, except the carbonat, do not decompoſe this ſalt. 
The other genera decompoſe it, like the ſulphat of potaſh. 
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The metallic oxyds, and their ſolutions in acids, have the fame effects With 
the ſulphite of ſoda as with that of potaſh. 
Tt contains in 5 roo parts, 18,8 of ſoda, 32, of acid, and 50 of water. 


Eads 8 


7 III. NITRAT OF POTASH. 


2 The nitrat of potaſh is found native in a great variety of ſityations. In India 
and Spain, it appears at certain ſeaſons of the year on the ſurface of particular 
foils. It has been found on the inſide of calcareous caverns in France and Ger. 
many. It exiſts irregularly cryſtallized in the calcareous ſtrata of Pulo, a cavity 
in the neighbourhood of Molfetta. 

See Kirwar's Mineralogy, Vol. II. p. 25.; Klaproth's Beitrage, erfer band, 

* oe 31T- 
Of late years, nitre has occupied much of the attention of the French che. 
miſts. Confiderable light has been thrown on the theory of its formation, and 
ſeveral improvements ſuggeſted in the various proceſſes of its manufacture. The 
reſult of their inquiries and labours on this intereſting ſubject, are to be found in 
3 memoir drawn up by Chaptal, and ia in the 2oth volume pe the Annales 
de Chemie. 

A hundred parts in weight of vitrat of potaſh, conſiſt, matic to Mr. Kir- 
war, of 41,2 of nitric acid, 46,15 of potaſh, and 12,83 of the water of compo, 
fition. The acid, as has been fuliy proved, reſults from the combination of 
7 parts of oxygen, with 3 of azote. The alkali is ſuppoſed to be derived imme. 
diately and entirely from the vegetable matter employed in the proceſs of nitri- 
fication ; though there is ſome reaſon to ſuſpect, it may in part be formed by the 
gevelopement and fubſequent union of its elementary Principles We can be at 
no loſs to account for the origin of the water. 

The principal circumſtances to which it is neceſſary to attend in the confirnns 
tion of artificial nitre beds, are, firſt, the choice of materials. Theſe, as Four- 
ery remarks, are ſuch vegetable and animal bodies as are moſt ſuſceptible of de. 
compoſitiqn, with a proper admixture of calcareous earth. Though, in the ve- 
getable kingdom, there be a conſiderable latitude of choice, yet experience haz 
ſhown, that all vegetables are not equally ſuited for the production of nitre. In 
general, thoſe vegetables are to be preferred which are moſt eaſily decompoſed, 
and which ſeem to contain moſt of the elementary principles of that ſubſtance. Of 
this kind are ſome of the poiſonous plants, and plants of a ſtrong and fœtid 
edour, ſuch as hemlock, tobacco, lungwort, henbane, cabbage, hoarhound, net- 
tles, &c. The extract of theſe plants is found, by keeping, to be covered with cryſ- 
tals of nitre. The cruciform and leguminous plants anſwer extremely well for 
the production of nitre. The dry and fibrous parts are of leaſt uſe. 

Among animal ſubſtances, the ſoft are to be preferred to the hard, becauſe 
they are more readily decompoſed. Herbiverous are in general preferred to car- 
ni verous animals. Worms, inſets, and reptiles are ſaid to be capable of be- 
ing teſolved almoſt entirely into nitre. Blood ſeems to be the animal fluid 
which affords the greateſt quantity of this ſubſtance. The dung of hens and 
pigeons has always been conſidered as extremely productive. That of oxen is 
faid to yield leſs than that of ſheep. Urine ought to be employed only towards 
the latter ſtage of the proceſs of nitrification, as it favours the production of mu- 
rat of ſoda, The purpoſe which theſe animal and vegetable ſubſtances ſerve ig 
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nitrification is now known. They all give out, during their decompoſition, a 
greater or leſs quantity of azote, which, uniting with the oxygen of the atmo- 
ſphere, forms the nitric acid. But the preſence of lime, or of ſome alkaline 
baſis, is neceſſary to fix this acid. When vegetable or animal bodies are mixed 
with filiceous or aluminous earths, little or no nitric is produced ; the acid which 
is ſaid to be formed being either exhaled into the air, or carried off by the wa- 
ter. The addition of an alkaline ſubſtance is proper only towards the end of 
the proceſs : if added ſooner, it retards the decompoſition of the organic ſub- 
ſtance. 

The lighteſt and moſt porous calcareous ſubſtances are found to anſwer 
beſt. Their property of affording nitre is increaſed by their containing a quan- 
tity of iron: it is increaſed alſo by dividing them minutely, ſo as to increaſe as 


much as poſſible the extent of their ſurface, It ſeems to be for the ſame reaſon 


that calcareous ſubſtances which contain an admixture of ſiliceous or aluminous 
earth, or even of chaff, are more productive than the calcareous earths which 
are pure. It is not eaſy to determine nor to preſerve the juſt proportion between 
the earthy baſe and the putrefying principles ; it muſt be ſuch, however, that all 
the acid formed may be readily combined. Too great a proportion of earth is 
hurtful, not only by its occupying an uſeleſs ſpace, but alſo by retarding putre- 
faction. In general (Chaptal ſays), the proportion of calcareous earth may vary 
from one-fifth to one-tenth of the volume of the vegetables employed.” Beſides 


ſerving as a baſe to fix the acid, do not calcareous ſubſtances diſpoſe the oxygen 


and the azote to unite, in conſequence of the affinite diſpoſe 2 

The oxygen gas combines with azote only in the moment of its diſengagement 
from animal or vegetable matters, and before it has aſſumed the gaſeous form. 
In this ſtate it has been not unaptly termed, Naſcent azotic gas. A high de- 
gree of temperature becomes, therefore, improper, becauſe it would cauſe the 
azote to aſſume the gaſeous form, and would conſequently prevent the formation 
of the acid. A very low temperature is equally injurious, becauſe, by retard- 
ing or putting an entire ſtop to the decompoſition, it prevents the diſengagement 
of azotic gas. Experience has ſhown, that the temperature fitteſt for the pro- 
duction of nitre lies between 752 and go® of Fahrenheit. This temperature 
muft reſult from the decompoſition of the animal and vegetable ſubſtances, and 
not be merely the effect of art. It is to be preſerved by excluding carefully cur- 
rents of cold air, which would tend to carry off the heat. 

An intenſe or ſtrong light ſeems to be very injurious to the production of nitre, 
Beſides the effect which it will undoubtedly have of volatilizing the azote, it 
may fairly be queſtioned, whether it will not alſo decompoſe the nitric acid. 
Saltpetremakers, aware of this pernicious tendency of too ſtrong light, have ge- 
nerally choſen a northern expoſure for their nitre beds. This expoſure has the 
additional advantage of preſerving a more equal temperature. Towards the 
latter tage of the decompoſition, it has been found uſeful to expoſe the putrify- 
ing matters to the light. At this period it ſeems to give new energy to the pro- 
ceſs, and to promote greatly the production of nitre. 

In order to produce the combination of the oxygen gas with the azote, it is ne- 
ceſſary that theſe two ſubſtances ſhould remain for ſome time in contact with 
each other. All currents of air muſt, therefore, be unfavourable to the produc- 
tion of nitre; and hence it is that we find ſaltpetremakers recommend, that the 
ir ſhould be in a ſtate of abſolute reſt or ſtagnation. In order to increaſe tue 
urlace expoſed to the air, it is a common practice with ſome ſaltpetremalers to 
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fix ſtakes of wood in various directions in the nitre beds. After the tk be« 
come dry and a little firm, theſe ſtakes are withdrawn, that the air may pene · 
trate every part of the maſs, and come into contact with as large a ſurface ay 
poſſible, The propriety of accafionally renewing. this air muſt be obvious to every 
de who reflects, that this is the ſource from which the oxygenous part of the nitre 
is derived. It becomes neceſſary alſo, particularly in the later periods of the 
proceſs, to ſtir the maſs, and expoſe every part of it to the action of the git. 
Great caution is required not to dv this either too early or too often, as it is apy 
to retard putrefaction. 

Either too great or too ſmall ; a degree of moiſture is equally unfavourable to 
the formation of nitre. In a het and dry atmoſphere, the parts of vegetabley 
and animals would be diſſipated without undergoing the proceſs of putrefaction. 
Too much moiſture, on the contrary, might not only retard the putreſaction, 
but might alſo carry off the acid after it had been formed. Great caution, 
therefore, is neceſſary in watering the nitre beds. The liquids moſt proper for 
this purpoſe are, the blood of animals, either by itſelf, or diluted in water, the 
water from dunghills, ſewers, &c. Theſe, befides affording the neceſſary degree 


of moiſture, contain much vegetable and animal matter in a ſtate highly favours 


able to the production of nitre. 

Such are the general principles on which nitre beds are conſtructed; but the 
particular ſteps of the proceſs vary in different countries, Theſe will de beſt un- 
derſtood by examples, 

In Pruſſia, five meaſures of black vegetable earth, ar the earth of ſubterra- 
nean caverns, are mixed with one meaſure of unlixiviated aſhes and ſome ſtraw. 
Theſe ſubſtances beat up with the water af dunghills or ſewers, are formed into 
walls or beds of 20 feet long, g or 7 feet high, and 3 feet broad at the baſe, de- 
elining to 2 at the top. Theſe beds are contained in ſhallow wooden caſes or 
moulds, and are covered with a thatch of ſtraw to protect them from the rain. 
They are moiſtened from time to time, and are fi for being lixiviated at the end 
of a year. 

In Malta, they employ the moſt porous calcareous earth mixed with ſtraw, 
which has been lixiviated. Oblong triangular piles are formed of alternate lay- 
ers, each half a foot in thickneſs, of this earth and dung. Theſe layers are tet - 
minated by a very thin layer of dung, applied looſely with the hand. The bed 
13 occaſionally ſprinkled with mother water of ſaltpetre, urine, and water from 
dunghills. As ſoon as the ſurface becomes dry, it is turned down, and the bed 
moiſtened. This becomes fit for liziviation at the end of three years. During 
the firſt year, the beds are every month ſprinkled over with the . of ſlacked 
lime. 

In Sweden, their beds are raiſed on brieks laid on the earth. On this baſis is 
placed a layer of mortar, compoſed of meadow turf, aſbes, lime, and the neceſ- 

ſary quantity of mother water, or of urine. Over this is placed a layer of ſtraw; 
and theſe layers of ſtraw and mortar are continued alternately to the ſummit. 
The beds are defended from the rain, and moiſtened occaſionally with urine; 
ſtagvant water, &c. Theſe beds yield nitre at the end of a year, and latt. for 


ten years. The ſaltpetre is ſwept off every eight days; and after each ſweeping, 


the beds are moiſtened with weak mother water. The matter remaining at the 
end of ten years forms an excellent manure in the culture of hemp and flax. 

In the canton of Appenzel, in Switzerland, they take advantage of the ſfitua- 
tion of their ſtables, on the rapid declivities of their mountains, to form very 
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ive nitre beds. The upper fide of theſe ſquare ſtables reſts on the moun- 
tain, while the lower is ſupported by ftones or pillers of wood, raiſed two or 
three feet above the earth, according to the greater or leſs declivity. This 
leaves an interval open to the air between the floor of the ſtable and the moun- 
12in. In this place a ditch is dug of about three feet in depth. This ditch is filled 
with very porons earth, which imbibes the urine of the cattle. It is lixiviated 
every two or three years. The earthy reſidue is dried in the open air, and re- 


turned back into the ditch. In this manner they obtain about a thouſand pounds 


of ſaltpetre frem an ordinary ſtable at each lixiviation, 

The earthy part of nitre beds requires to be renewed more or leſs frequently 
coding to the quantity of calcareous earth which it contains. No particular 
time can be ſpecified for the term of putrefaction, the periods of moiſtening the 
beds, or the time proper for turning them. The appearance of the beds, and 
the general principles already laid down, can only direct theſe particular ſteps, 
which muſt vary extremely according to circumſtances, The general marks by 
which a bed may be known to contain fo much nitre as to make it worth work- 
ing, are the effloreſcence and cracks on the ſurface in which no plants grow. 
If ſome-of the particles of the bed be taſted, they will give a ſalt taſte, which 
will vary, however, according to the earthy or alkaline baſis, and may therefore 
de mild, acrid, or bitter. The bed muſt be afterwards examined to the depth of 
ſeveral inches, and in different places, in order to aſcertain whether the whole be 
nitrified. Another, but more troubleſome method, is, to lixiviate a ſmall quau- 
tity of the bed, a cubie foot, or yard, 85 inſtance, and from its produce to cal. 
culate the value of the whole. 

d Concluſions [preciſely ſimilar to thoſe in the text were deduced by Dr. Ru- 
therford, from a variety of moſt accurate and en experiments which he 
made on the decompoſition of njtre. ' 


An account of theſe experiments was read to the Philoſophical (now the Royal) 


Society, in this place; ſo early as the year 1779. 

It ſeems worthy of remark, that both Dr. Rutherford and Fourcroy had been 
anticipated for more than a century in ſome of their concluſions, by the now juſt- 
ly celebrated Mayow. I ſhall content myſelf with An quoting the words of 


that great man. 


- * Quanquam autem ſpiritus nitri totaliter ab aere non procedit, a 
tamen eſt partem ejus aliquam ab aere oriundam eſſe. Quippe cum pars nitri 


* aliqua ab aere ducatur, uti ſapra oſtenſum eſt: ſal autem fixum, quo nitrum 


ex parte conſtat, e terra oriatur; neceſſe eſt ut, quod reliquum eſt nitri, ſc. 
* ſpiritus ejus acidus, igneuſque, ex aliqua ſaltem parte ab aere originem trahat. 
Quo autem pars ſpiritus nitri acrea elarius inteligatur, ſequentia breviter prz- 
* mittenda ſunt. : 


Primo concedendum eſſe arbitror, nonnihil, quicquid fit, aereum, ad flam- | 
mam quamcunque conflandam necefarium eſſe: id quod experimenta Boyliana 


* extra dubium poſuerunt; utpote ex quibus conſtat, lucernam accenſam multo 
* citius in vitro acre vacuo, quam in eodem aere repleto expirare ; indicio mani- 


* feſto, flammam, vitro uncluſam, non tam a propria fuligine, uti nonnullis 


viſum eſt, ſuffocatam, quam pabulo aereo deſtitutam, interire : etenim cum in 
vitro vacuo plus ſpatii ſit pro ſumo recipiendo, quam in vitro aere impleto, lu- 
* cerna citius in hoc, quam in illo expiraret, fi ejus extinctio a futno procederet. 
* Preterea materia quævis ſulphurea in vitro, ex quo aer exhauſtus eſt, collacata, 
* n2que carbone aut ferro ignitis, neque radiis ſolaribus, ſpeculi uſtorii ope co!- 
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lectis, 1 poteſt: ut minime jam dubitandum ſit, quin particulæ Gundam 
acrez ad ignem excitandum omnino requiruntur: et utique noſtra fert opinio, 
eas in igne conflando præcipuas partes obtinere; flammæque formam ab iis, in 
motum perniciſſimum concitis, præcipue dependere; uti infra dicetur fulius, 
At non eſt exiſtimandum, pabulum igneo-acreum ipſum aerem effe, ſed tantum 
partem ejus magis activam, ſubtilemque: quippe lucerna, vitro incluſa ex. 
ſpirat, cum tamen copia aeris ſatis ampla in eodem continetur: neque enim 
credendum eſt, particulas aeris, quæ in vitro dicto extiterunt, per lucernæ 
deflagrationem annihilari ; neque quidem diffipari ; cum eædem vitrum iftoc 
pertranſire nequeant. Porro neque probabile eſt, particulas iſtas igneo-aereas 
nitrum quuddam perfectum eſſe, uti vulgaris fert opinio; etenim ſnpra oſten. 
ſum eſt, non ipſum nitrum totale, ſed tantum partem ejus aliquam i in aere re- 


ſidere. 


« Secundo arbitrari fas ſit, ices aeris igneas, ad flammam quameunque 
ſuſtinendam necefſarias, in ſal-nitro hoſpitari ; partemque ejus magis activam, 


igneamque conſtituere: quippe annotare eſt, nitrum ſulphuri admixtum, in 


vitro acre vacuo, item ſubter aquas, ſatis prompte deflagare: uti ſequenti ex- 
perimento, conſtabit; nempe pulvis pyrius minutiſſime tritus, cum aquæ tan. 
tillo in maſſam duriuſeulum redigatur, qua tubulus quivis, cujus altera extre. 
mitas obturata eſt, denſe impleatur, materiam ſubinde cum bacillo fortiter 


impellendo ; dein pulvis iſte pyrius in extremitate aperta accendatur, tubuluſ. 


que inverſus aquz immergatur, ibidemque detineatur : ita pulvis pyrius ad to. 
talem ſui abſumptionem ſubter aquas deflagrabit. Quinetiam pulvis iſte, 


modo prædicto diſpoſitus, in vitro, aere vacuo, ardebit : cum tamen ignes ali; 


ob pabulum aeris ſubductum mox extinguuntur; indicio ſatis manifeſto, ſal 
nitrum particulas igneo-acreas, ad flammam conflandam requiſitas, in ſe con. 
tinere, ita ut ad ejus deflagrationem, particulas igneas ab acre ſuppeditari, 
minime opus fit. 

« Particulas inſuper igneo- aereas in nitro exiſtere liquet, quod flamma a nitro 
deflagrante excitata, a particulis igneo-aereis, ei innatis, motuque igneo con- 
fertim prorumpentibus, non vero a particulis ejus ſulphureis conflatur, etenim 
viriſimile eſt, nitrum particulas ſulphureas ſibi infitas non habere : neque enim 
Clariſſimo D. Willifio aſſentire poſſum, qui in Tractatu de Fermentatione /ulphur 
nitgo copioſe inæſſe ſtatuit: Cujus argumenta præcipua ſunt, ſtatim flammam 
concipiet; idemque in locis, ubi animalium excrementa ſulphurea ſunt, præ- 
ſertim generatur. Verum tanti viri pace, nitrum purum putum particulis ſul- 
phureis nequaquam imprægnari putaverim: Etenim neque in ſpiritu nitri rec- 
tificato, neque in ſale alcali puro, quicquam ſulphuris combuſtibilis reperire eſt, 

et tamen ex 1is utriuſque combinatis nitrum conflabitur. Quod vero nitrum, 
eq modo produ ctum deflagrabit, non hoc a particulis ejus ſulphureis, quas nul- 
las continet, ſed a particulis igneo-aereis ei inſitis, inque motum perniciſſimum 
concitis procedere credendum eſt. Quod ex ſequentibus magis adhuc manifeſ . 
tum erit. 

Nempe advertere eſt, quod ad flammam quamcunque conflandam non tan- 


tum particulis ſulphureis, ſed inſuper igneo-aereis omnino opus fit, uti jam 


oſtenſum eſt. Ad materiz cujuſque ſulphurez accenſionem, requiritur, ut par- 
ticulz igneo-aereæ ab aere, ant a nitro, ei prius admixto, ſuppeditentur : quæ 
cauſa eſt, quod ſulphur in loco aere vacuo flammam non concipiet, niſi nitrum 
el admixtum fuerit. E contra vero ad nitri accenſionem non eſt opus, ut par- 
ticylz igneo-acre# ab extra ſuggerantur; utpote quod in locis, a quibus 48 


NI mr ET 3, RE ous 
FF.. ³¹Ü¹x ·⸗ N S Th 3h 55 


611777 


NOTES ON CHAPTER V. 491 


1 præcluditur, ſatis prompte deflagrabit; verum ad ejus accenſionem omnino re- 


« quiritur, ut materia aliqua ſulphurea ei admiſceatur. Etenim fi nitrum in eru- 
« cibulo ignito injiciatur, idem flammam non concipiet, fi tamen materia quæ vis 


« ſulphurea ei prius admixta fuerit, tunc nitrum crucibulo dicto injectum, mox 


« jn flammam prorumpet. Imo nitrum nulla ratione a flamma candelæ, aut ra- 


« diis ſolaribus accendi poteſt, niſi ſulphur ei prius commixtum fuerit : et tamen 


« ;jdem nitrum carboni immiſſum facile accendetur ; hoc autem propterea fit, 


* quod particulz ſulpharez carbonis idem accendunt. Ex quibus certo conſtat, 


« nitrum particulas ſulphureas ſibi infitas, non habere; quæ cauſa eſt, quod ad 


« jllius deflagrationem particulas ſulphureas ab extra ſuppeditari neceſfe fit. Un- 
* de ſequitur nitrum in flamma ab ipſo excitata, particulas tantum | igneo-aereas, 


* neufiquzim vero ſulphureas, quibus prorſus deſtituitur, ſuppeditare. Et hinc. 


4 eſt quod flamma nitri valde diverſa fit ab ea, quæ a materia quavis ſulphurea 


4 deflagrante, excitatur ; quippe materia ſulphurea particulis igneo-aeris ab aere 


0 ſuggeſtis, nitrum autem particulis igneo-aeris in ipſo confertim agglomeratis, 
* agmineque denfiſſimo erumpentibus deflagrat : unde fit, quod flamma nitri 


* maxime impetuoſa fit; etenim formam ignis e particulis i igneo- aereis præcipue 


« dependere infra oſtendere conabor. 
Quod vero nitrum in locis ſulphure copioſo imbutis, præcipue naſcitur, ratio 
ex iis, que inferius dicentur, conſtabit, 
Ex quo tractatus hic ſcriptus eſt, Experimenta Boyliana, nuper edita, ad manus 
« noſtras pervenerunt ; quorum altero oftenditur, quod, dum pulvis pyrius ope vitri 
uſtorii in vitro, aere vacuo, accenditur, flamma non uti alias per totam ejus mo- 
lem propagetur · ſed tantum granula ea, quibus radii ſolis coacti incidunt, ignem 
* concipiant. Ut videatur etiam ad pulveris pyrii accenſionem aeris acceſſum ne- 
ceſſarium eſſe. Reſpondeo, licet pulvis iſte ope particularum igneo-acrearum 
ſibi inſitarum, in loco aere vacuo, et ſubter aquas deflagrabit, aeris tamen ex- 
* terni acceſſum pulveris iſtius accenſionem haud parum promovere; etenim an- 
* notandum eft, aerem ob vim, qua pollet, claſticam particulis Pulveris Pyrii 


* ſulphureis prozime adjacere, et etiam fortiter premere: unde fit, quod, pulvere 


eo in aere libero ſemel accenſo, particule nitro-aereæ aeris, ad flammam con- 
tinuandam nunquam non præſto ſint: cum tamen in pulvere pyrio particulæ 

igneo- aereæ nitri non niſi in granis ſingulis, partieulis ſulphureis intime immiſ- 
* centur ; neque verſus eaſdem accenſas feruntur: ita ut flamma pulveris iſtius in 
* loco acre vacuo ob particularum igneo-nitroſarum ſeriem interruptam mox ex- 
* tinguatur. Verum quantum aeris elater ad ignem conflandum conducit, ex 11s, 

* quz infra dicentur, magis conſtabit. 

Ex dictis aliquantenus conſtare arbitror, nitrum particulas igneo-aereas, ad 
flammam conſtituendam requiſitas, in ſe continere. Quapropter cum nitri pars 
* aliqua ab aere oriatur, et particulæ aeris ignez in eodem exiſtant; ſtatuendum 


* eff. 1detur, partem nitri aeream nibil aliud quam particulas ejus igneo-acreas 


* efſe. 

Jam vero cum Ay nitri aerea in foiritu ejus acido exiſtat, non vero in ſale 
© fixo, quod reliquam nitri partem conſtituit, uti ſupra oſtendimus; concludere li- 

cet, Particulas Igneo-aereas Nitri, que cum parte ejus aerea idem ſunt, in ſpi- 

ritu nitri reconditas He, partemgue ejus aeream conſtituere. 

* Nempe veriſimile eſt, ſpiritum nitri quid corapoſitum eſſe; illinſque particu- 

* las alias flexiles, humidas, indoliſque craſſioris eſſe; quæ a materia terreſtri 

procedere videntur; uti infra oſtendere conabor; particulas vero alias rigidas, 


** ficcas, ma maximeque ſubtiles, agile, æthereaſque, et revera igneas eſſe, que tamen 
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particularum ſalinarum, in ſtatu fluido, humidoque exiſtentium, conſortio obyc- 
* lut#, ad motum igneum ine undum . ſunt; Wee has demum ab gere 
« proſapiam ducere. 

Circa partem ergo ſpirĩtus nitroſi Aeream ſtatuimus, eam nihil alivd 4. 
quam particulas igneo- aereas, quæ ad ſtammam quamcunque conflandam omni. 
no neceſſariz ſunt. Quocirca particulas iſtas igneas, aerique communes, parti- 
* ertas nitro-aereas, five ſpiritum nitre-aereum in futurum nuncupare liceat.“ 

© Nitre, during the firſt and ſecond boilings, generally loſes about 30 per cent, 
of its weight. It becomes, therefore, an object of ſome importance to polleſs a 
fore and eaſy teſt by which we may judge of the proportion of pure nitre which 
any given quantity of crude may contain, But this m apparently ſo eaſy, 


is not without its difficulties, 


As the ſalts which form a part of * nitre vary greatly i in the degree of 
their ſolubility in water, it has been uſual to ſeparate them by cryſtallization, 
according to the methud deſcribed by Foureroy. This method of judging of the 
degree of purity of crude nitre is not only tedious, but inaccurate ; for the laſt 
portions of the nitre adhere ſo ſtrongly to the alkaline and earthy muriats, as to 
render the complete ſeparation almoſt impoſſible. 

Morveau propoſed to employ a chemical re- agent as a teſt of the piitiey of this 
ſalt. His proceſs conſiſts in pouring as much alcohol on roo drachms of dried 
crude nitre, as is ſufficient to diſſolve the nitrat and muriat of lime. The alt 
remaining is diſſolved in 3 pounds of water; and to this is added a ſolution of 
nitrat of lead, The muriatic ſalts and the nitrat of lead mutually exchange 
daſes; and the muriat of lead which is formed, is eaſily ſeparated by ablution 
and filtration. This proceſs, however, has not been found to anſwer; for the 
nitrat of potaſh and muriat of ſoda are not abſolutely inſoluble in alkohol; and 
the quantity of muriat of lead obtained from different portions of the ſame _ 
nitre varies from circumſtances which it is difficult to diſcover. - 

Baume propoſed to ſubſtitute the acetite in place of the nitrat of lead; But 
there is in this laſt alſo a ſource of fallacy, Solutions of the acetite of lead and 
nitre have a reciprocal action on each other. When they are mixed together, a 


precipitate is formed, which adds confiderably to the weight of the muriat of 


zead. This precipitate is, indeed, eaſily foluble in water, and may by this 
means be ſeparated from the muriat of lead. See Journ. de "oy Tom. XLII. 
p. 433. 

Another teſt recommended by Rifaut- des- Etre is the employment of a 1 
ſolution of nitre in water; experience having ſhown, that water, after having been 
faturated with nitre, was ſtill capable of diſſolving additions of other neutral 
falts. This teſt, though extremely ingenious, and eaſy in its application, is 
liable to ſeveral inaccuracies; for if muriat of ſoda be added to a ſaturated ſolu- 
tion of nitrat of potaſh, the ſolution will become capable of diſſolving an addi- 


tional quantity of nitre. This quantity, however, does not ſeem to be in propor- 


tion to the muriat of ſoda. The degree of heat employed to dry the nitre to be 


tried will alſo produce variations in the reſult ; for when the earthy ſalts which 


are mised with, and which render the nitre impure, retain the water of their cry- 
ſtallization, they occaſion a precipitation rather than a freſh ſolution of that 
ſalt. Beſides, it is neeeffary, for the accuracy of this trial, that the water of ſolu- 
tion be kept for ſome hours preciſely at the ſame degree of temperature, as nitre 
is more foluble in warm than in cold water. See we dc Chem. Tom. XI. p. 


1 


Let, even with theſe os, this teſt We to be the moſt accurate 
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which has been diſcovered. Morveau gives the following ncconne of the man- 
ner in which it is to be uſed. 

Small pieces are to be taken from different parts of the ſaltpetre to ihe tried, 
and bruiſed together in an eartben veſſel, ſo as to form a homogeneous maſs. The 
teſt liquor is prepared by diſſolving as much purified nitre in water as it will diffolve ; 
the temperature of which has been raiſed to the boiling point. About a choppin 
(French meaſure, or 25,230 cubic inches), of this ſolution is to be poured on 13 
ounces of the bruiſed ſalt, and the mixture well ſtirred for 15 minutes with a 
wooden or glaſs ſpatula. The ſalt is allowed to depoſit, and the liquor is then to 
de paſſed through a filtre, in order to detain any particles of the ſalt which may 
be floating in it. Half the former quantity of the ſolution is again to be added to 
the ſalt, and the mixture ſtirred for x5 minutes as before. The whole is now to 
be poured into a large glaſs funnel, and filtered through paper. When properly 
drained, the filtre is to be taken out with caution, and laid on a double leaf of 
gray paper. The ſalt is ſpread as equally as poſſible, and the paper laid to dry on 
à bed or layer of ſome abſorbent ſubſtance, ſuch as potaſhes, lime, tuffa, or plaſ- 
ter. When the alt becomes ſo dry as to ſeparate eaſily from the filtre, it is put 
into a glaſs veſſel, and expoſed to the heat of a ſand bath till it ceaſes to adhere 
to the veſſel, or to the ſpatula with which it is ſtirred. By making the neceſſary 
allowances for the imperfections, which ſeem to be inſeparable from this proceſs, 
we can in this manner aſcertain pretty exactly, the proportion of pure nitre which 
any quantity of crude may contain. See Guyton Ann. de Chem. Sept. 1997, p. 225. 


In refining the crude ſaltpetre at the public works in Paris, it was conſtantly 


found, that there was a difference between the quantity of pure nitre indicated 
by the teſt, and that actually obtained. This difference was far from being 
fixed ; but, at a medium, it did not ſeem to be leſs than 5 parts in the 100. 
Lavofier was employed by the Government to diſcover the cauſe of this de- 
ficiency, and, if poſſible, to point out the beſt method of obviating it. In re- 
flecting upon this ſubje& it occurred to him, that this loſs was probably occa- 
fioned by the evaporation of a portion of the nitre during the various boilings it 
is made to undergo in the proceſles of refining. The diſſipation of nitre by 
heat, was a fact which had been mentioned by Wallerius, and which had given 
much trouble-to Mr. Kirwan in his uſeful experiments on the proportions of the 
conſtituent parts of ſaline bodies. The conjecture of Lavoiſier was ſoon verified 
by experiment. Five pounds of nitre diſſolved in river water were boiled for 
24 hours, care being taken from time to time to replace the water carried off by 
evaporation. Only 4 pounds 8 ounces 3 gros 19 grains remained; ſo that 7 oun- 
ces 4 gros 83 grains had been diſſipated during the evaporation. The quantity 
which had diſappeared amounts, therefore, to 9 pounds 7 ounces 6 gros in the 
quintal. This loſs of nitre was found to be much greater in a ſtrong than in a 
weak ſolution of nitre. In order to avoid this loſs, Lavoifier propoſes to purify 
the crude nitre, by pouring on it from 2 5 to 30 per cert. of cold water, accords 
ing to the quality of the nitre, and the quantity of mother water which it may 
have contained. The mixture is to be ſtirred with rakes, till the nitre is properly 
waſhed, when the water is to be drained off. This firſt waſhing will carry off 
all the mother water, and a great part of the muriat of ſoda. What remains of 
this ſalt is to be carried off by a ſecond waſhing, in 35, 40, or 45 per cent. of 
water. By this ſimple and unexpenſive proceſs, Lavoiſier ſays, that 55 pounds of 
refined nitre may be obtained from- 70-of crude, without any loſs, and in a ſtate 
lufficiently pare for all the purpoſes of the arts, perhaps even for the fabrication 
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of ſome kinds of gunpowder. See" Lavefier Ann. de Chem.” Tom. xv. 9 246 
Tom. XVI. p. 1. 

Chaptal has given the following account of the proceſs which is now followed 
in the purification of nitre, in the 21ſt volume of the Annales de Chemie. | 
The nitre is firſt pounded, and put into tubs in quantities of 500 or 600 pounds, 
Twenty per cent. of water is poured into each tub. The mixture is well ſtirred; 
and left to digeſt for 6 or 7 hours, during which time the water Acquires the 
denſity of between 25 and 35 degrees. This water is now poured off, and 10 
por cent. of freſh water added, which i is ſuffered to remain only for one hour. 
Five per cent. of water is now to be in on, and immediately drawn off as 
ſoon as it has been ſtirred. 

The nitre, when properly drained, is thrown into a boiler; containing: 50 per 
cent. of boiling water. The ſolution will mark between 66 and 68 degrees of 
the bydrometer. The ſolution is next poured into a veſlel to cryſtallize, where, 
in the courſe of from 4 to 6 hours it depoſites about two-thirds of the original 
quantity of nitre. As it is of conſequence in the ſubſequent drying that the 

cryſtals ſhould be in ſmall needles, it becomes neceſſary to ſtir the ſolution during 
the whole time of the depoſition. The cryſtals formed are removed with a ſkim. 
mer, and thrown into baſkets to drain, and the water which paſſes through is 
carefully collected. The faltpetre is afterwards put into wooden veſſels with 
double bottoms, formed in the ſhape of mill hoppers. The upper bottom, which 
is raiſed about two inches above the other, is perforated with a number of ſmall 
Holes, through which the water paſſes to the lower bottom, from which it is 
diſcharged by a ſingle opening. The ſaltpetre is waſhed in theſe veſſels with 
5 per cent. of water ; and this water is afterwards employed in the ſolution of the 
ſalt. This ſaltpetre, well drained and expoſed for ſome hours to the air upon 
drying tables, may be uſed for the manufacture of gunpowder. 

This ſalt may be dried more quickly by a ſtove, or by putting it in a . me- 
tallic veſſel. For this purpoſe, it _ be put into the veſſel to the depth of 5 or 
6 inches, and heated to about 135 of Fahrenheit. By ſtirring it in this ſituation 
for two or three hours, it loſes its regular form, and puts on the appearance of a 
fine dry ſand. This degree of dryneſs, however, is not . when the gun- 
powder is made by pounding. 

Two ſaline liquors remain after theſe operations. 2½, The waters from waſh- 
ing ; and, 2dly, Thoſe from the cryſtalling veſſels. The quantity of water em- 
ployed in the three different waſhings, amounts to 35 per cent. of the weight of 
of the crude ſaltpetre. It is employed on the principle, that cold water difſolves 
the muriat of ſoda, and the earthy nitrats and muriats, together with the co- 
louring principle, but ſcarcely attacks the nitrat of potaſh, The water from 
theſe three waſhings, therefore, will contain the muriat of ſoda, the earthy 
ſalts, the colouring principle, with a ſmall quantity of the nitrat of potaſh. The 
water of the cryſtallizing veſſels contains a portion of the muriat of ſoda, the 
earthy ſalts which eſcaped the waſhing, and a quantity of nitrat of potaſh, more 
gonfiderable than that contained in the waters from waſhing. The water which 
is employed to waſh the cryſtals, contains only a ſmall quantity of the nitrat of 
potaſh, | 

Theſe waters are, therefore, very different in their nature. The waters from 
the waſhings form a true mothef water. They are to be collected in veſſels, and 
treated with potaſh by the known proceſſes. They are evaporated to 66 degrees, 
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and the muriat of ſoda taken out as it is formed. This ſolution is ſaturated. with 
2 or 3 per cent. of potaſh, then ſuffered to ſettle, and afterwards decanted into 
cryſtallizing veſſels, where, 20 per cent. of water is to be added, to keep the 
whole of the muriat of ſoda ſuſpended. 

The waters which are thus obtained from the eryſtallization of the ſalts e cons 
tained in the mother waters may be mixed with the waters of the firſt eryſtalli- 
zation. From theſe the muriat of ſoda may be ſeparated by ſimple evaporation ; 
and the nitrat, of potaſh, which . hold in nn * be aſterwards > 


tained by cooling. 


Pe ; : £ 2 
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v. OXYGENATED MURIAT OF POTASH. ® | 


a During the combination of the oxygenated muriatic acid with potaſh, ca. 
loric is given out. The ſalt which is formed appears in quadrangular plates, ot 
needle-like cryſtals. Tt requires 17 parts of water, at the temperature of 60, 


to diſſolve one part of this ſalt ; while five parts of boiling water are ſufficient to 


diſſolve two parts of it. Repeated ſolutions do not ſeem to injure its Bs 
property. 


\ Expoſure to light during the courſe of 12 months appeared to produce no 


change on this ſalt, either in a ſolid or difſalved ſtate, as no gas had been diſen- 
gaged; and at the end of that period it detonated as ſtrongly as before. 

Heat deprives it of its water of cryſtallization, and diſengages from it a great 
quantity of oxygen gas. Nearly one half of Gs weight of the ſalt may be ob- 
tained if the heat be intenſe. £4 

The nitric and muriatic acids diſengage the' oxygenated muriatic acid from 
potaſh. *On putting a little of the ſalt into ſulphuric acid, a violent exploſion 
with flame is produced, and an elaſtic fluid e which has the ſmell of 


nitrous gas. 
Violent exploſion with flame was produced by rubbing half a grain of this ſalt 


with the ſame weight of phoſphorus. _ By adding ſome ſulphuric acid the mix- 


ture was inflamed. 


A ſmart ſtroke on two grains of this ſalt with ane of charcoal cant. | a vivid 


flame, but not a very loud report. 
By rubbing a grain of it with half a grain of ſulphur, a very loud . at · 


tended with flame, and a ſtrong ſmell of ſulphureous acid, was produced. 

Loud exploſion and flame were likewiſe perceived, on rubbing a grain of it 
with equal weights of the ſulphures of potaſh or mercury. 

Very ſlight friction exploded a grain of this ſalt with half a grain of the ſul. 


phure of arſenic. _ 
If a grain of refined ſugar be rubbed with two grains of the ſalt, they give a 


number of ſucceſſive reports. 


Spermaceti oil, olive oil, and the effential oils of roſemary, juniper, cloves, 


carroway, 3 cinnamon, nutmeg, mint, amber, and the eſſence of lemons, 
all detonate with this ſalt, and the mixtures take fire on the addition ef the ſul- 
phuric acid. Spirit of turpentine, camphor and roſin likewiſe produced explo- 


* . 
n — 


ſions on being rubbed with it. Little detonation, however, proceeded from 


tae 


* : 
* The reference to this note is omitted in page 452. 
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rubbing it with gumarabic and indigo; and Chaptal ane herd none win 
Prufiian blue. 8 | 

It is Gingular, that the nitric acid Aid cot at all a n theſe mint 
which were inflamed by the ſulphuric. For more particular information on this | 


fubje, lee Hoyle, Mancheftor Memoirs, Vol. V. Part I. p. 281. 


According to Fonrcroy and Vauquelin, the exploſions "increaſe in violedee in 
proportion to the rapidity of the friction, or force of the preſfure applied. The 
fame effects, but more ſtrongly, are A 
anvil as by rubbing them together. PR -44: 

Metallic arſenic detonated very ſtrongly with the arena muriat of . 
aſh. The ſulphure of iron ö rapidly with it, but did not caufe 
any exploſion. 

If the mixtures be wrapped 95 in double paper before they are ſtruek with to 
hammer, the exploſion produced is more violent. They add, that gunpowder 
detonated likewiſe by 2 violent blow. 

The electric ſpark, like concuffion, alſo cauſed the mixtures to „ letoöite. 

It would ſeem, from the experiments of Berthollet, that the acid in combina. 
tion with the potaſh contains a greater quantity of oxygen than is contained in 
an equal quantity” of uncombined acid. When the oxygenated muriatic acid, 
therefore, combines with potaſh, he conceives, that a portion of the acid 1 45. 
prived of the oxygen, and forms ordinary muriat of potaſh; while the other 
portion of the acid, uniting itſelf with its oxygen, forms the oxygenated muriat 
of potaſh, Berthollet propoſes to extract oxygen gas from oxygenated muriat of 
potaſh, as it is obtained from this ſubſtance more readily, in greater quantity, 
and of a higher degree of purity, than from any other ſubſtance; 

Oxygenated muriat of ſoda is deliqueſcent, according to Berthollet. In its 
other properties it reſembles the oxygenated muriat of potaſh. See Fourcroy, 
Mem. de I Acad, 1788, p. 369; Fourcroy & Vauguelin, Annal. de Chemie, 
Tom. XXI. p. 235-3 Nichol. Fourn. Vol. I. p. 68. ; nn * de Fl. 


Tom. XXXIII. p- 4. 
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VI. MURIAT OF $0DA. 


4 There are two Ates of ſal gem, the lamellar and farous.. The latter. » 
found only in amotphous maſſes. It is the lamellar which forms the large firata 
of ſal gem. Theſe ſtrata vary greatly in their thickneſs. They are generally. le. 
parated from each other by a layer of clay. The colour of the. ſal gem deperids 
on ſome adventitious ſubſtance. The red colour has been ſuppoſed to be derived 
from iron, the violet from a ſmall portion of the muriat of manganeſe, and the 
green from copper. Beſides, an admixture of clay, ſal gem often contains muriat 
of magneſia, and the muriat and ſulphat of lime. 

The quantity of falt contained in ſea water varies greatly. i in different climates. 
At a medium, however, it is ſaid to be about one thirtieth of. the weight of the 
water. 

Some of the ſalt ſprings contain more, and dew leſs ſalt than * water. In 


ſome places the water of theſe fprings has been ſaid to contain one third, and " 


ten one fourth of its own weight of ſalt. 


' See Watſon's Chemical Eſſays, Vol. IL p. 33. 


Kirwan's Mineralogy, Vol. II. p. 31; Haſſenfrats * de Chem. Tom. XI. 
p. 65 3 Nicolas Ann. de Chem. Tom. XX. p. 78. 
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b The ſalt, formed by ſpontaneous evaporation, is uſually called bay fait. The 


(alt which is obtained by flow evaporation, is alſo purer than that which is form- 
ed by quick boiling The Dutch ſalt, in ſo great repute for the ſalting of fiſh, is 
prepared with a very gentle fire. They add a quantity of ſozzr whey to their brine 
before, evaporation. The action of this ſubſtance does not ſeem to be well un- 
Lerſtaod, though it is ſaid to conduce to the purity of the ſalt, and to fayour the 
production of large eryſtals. The ſalt obtained by quick evaporation always 
contains more or leſs of the muriat of lime and ſulphat of ſoda. 

c Scheele had obſerved, that by expoſing a mixture of two parts of the ſolution 
of ſulphat of magneſia, and one of the muriat of ſoda, to the temperature of freeze 
ing, ſulphat of ſoda was formed. More lately, Gren remarked, that a ſimilar ef. 
ſet is produced in ſea water expoſed to a low temperature, ſulphat of ſoda being 
formed in it by the double decompoſition of its muriat of ſoda and ſulphat of 


magneſia. It is remarkable, however, that an increaſe of temperature will not 


reproduce the muriat of ſoda, nor reſtore the ſalts to their former ſtate. From 
theſe facts, all muſt perceive the diſadvantage which will ariſe from concentrat- 
ing ſea water by freezing, and the propriety of Gren's important plan of ſeparat · 


ing the deliqueſcent ſalts before evaporation, in the art of ſalt making, by chemi- 


cal affinity- ; | | | 
With this view he directs the addition of ſulphat of ſoda to waters, containing 
only the muriats of lime and ſoda, and of lime to thoſe which contain the muriat 
of magneſia and ſulphat of ſoda. In the latter inſtance, muriat of lime 3s firſt 
formed, which afterwards decompoſes the ſulphat of ſoda by double affinity. 


Where the muriat and ſulphat of magneſia are preſent without the ſulphat of , 


ſoda, or where the waters contain only the muriats of lime and magneſia, lime 
and ſulphat of ſoda ſhould be added at the ſame time. 

But if the water contains the ſulphat and muriat of magneſia, together with 
the ſulphat of ſoda, lime alone will be neceſſary, unleſs the quantity of ſulphat of 
ſoda be inſufficient, in which caſe ſome of it muſt alſo be added. 

In any of theſe proceſſes, the muriat of ſoda will be obtained pure, as the ſul- 
phat of lime, the only other ſalt formed, ſeparates in the form of /ch1or. 

Many advantages are thus gained. The bitter taſte of common ſalt, occaſion- 
ed by the preſence of the ſulphats of ſoda, and magneſia, is prevented ; no mother 
water is formed, and pure muriat of foda alone is obtained on evaporating the 
tid, Much expenditure of time and fuel is ſaved in the proceſſes of evapora- 
tion, and trying the ſalts, and a pure, not deliqueſcent, ſalt is obtained, capable 
of reſiſting the impreſſion of the air, and of being tranſported without loſs. 

The principal objection to theſe proceſſes may ariſe from the neceſſity of pur- 
chafing the ſulphat of ſoda; but the ſea water will itſelf in general produce it 
when brought to a temperature below zero; and for this purpoſe it will only be 
neceſſary to collect a quantity in the baſons, to be expoſed to the cold during the 
winter. We might from this water alſo obtain the ſulphats of ſoda and magneſia 
dy adding the ſulphat of iron. | 

It will even be found advantageous to purify waters by theſe means, which do 
not contain ſulphat of magneſia, as the moſt unproductive waters will not re- 
quire more than from fifty to ſeventy-five pounds of ſulphat of ſoda to produce 
thirty quintals of muriat of ſoda. | | 

In following this method it will only be neceffary to aſcertain the component 
parts of the fluid employed previous to aſcertaining what ſubſtances ſhould be 
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that each waſhing makes it 44 times purer than before; ſo that (diſregarding 
fractions) after the ſecond waſhing it will be 20 times, after the third 91 times 
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added. Direct experiment will eaſily point out the quantities which may enſur 
the moſt perfect ſucceſs. Vid: Arn. de Chem. Tom. XXIV. p. 11 
d Lord Dundonald propoſes, in the purification of muriat of ſoda, to take 2d 
vantage of the fact, that water, ſaturated with one falt, will yet diffolye N 
tion of another ſalt. The proceſs which he recommends is as follows: Take 
conical veſſel, having a hole in the ſmall end, which is to be undermoſt, and 
place it, filled with common ſalt, in a moderate heat: Saturate a portion of wa 
ter with this ſalt, and pour the ſolution, boiling hot, on the ſalt in the conicy 
veſſel. The boiling water will not diſſolve any of the common ſalt, but will gif. 
ſolve the bitter earthy ſalt which it contains. When the ſolution ceaſes to drop 
out of the hole at the bottom of the veſlel, the ſame proceſs is to Be repeated þy 
means of freſh portions of the ſame parcel of ſalt, already partly purified, till it be 
brought to the degree of purity required. Lord Dundonald reckons that three 
ſuch waſhings make the common ſalt of this country purer than any foreign ſalt 


after the fourth 410 times, and, after the fifth, 1845 times purer than at the firſt 
A proceſs founded on the ſame principle is followed at Mount Morot in France. 
The water from the waſhing of the common ſalt is carefully preſerved, and the 
ſulphat of ſoda which it contains extracted by a new cryſtallization. See Dun. 
donald, Edin. Phil. Tranſ. Vol. I. p. 19. ̃ 


VII. BORAT OF SODA. 


When two pieces of- this ſalt are rubbed on each other in the. dark, they an 
ſtrong flaſhes of light. See Nicho//on's Fournal, Vol. II. p- 28. 


ä 


XI. CARBONAT OF POTASH. 


a Pelletier, from his experiments on the carbonat of potaſh infers, that 100 
parts of it conſiſt of 43 of carbonic acid, 17 of water, and 48 of pure alkali, 

b Vegetable alkali often contains a ſmall quantity of ſiliceous earth, which it 
is difficult to ſeparate from it. Pelletier obſerved, that a white precipitate was 
formed during the combination of the carbonic acid with the alkali. -This precipi- 
tate proved to be ſilex. He propoſes to combine potaſh with carbonic acid, in 
order to free it from its filex. „ 31 | / 
ce During its ſolution in warm water, a portion of the carbonic acid is diſengs- 
ged under the gaſeous form. The acid which remains is inſufficient to ſaturate 
the alkali. See Pellet ier Annal. de Chem. Tom. XV. p. 23. | 
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